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(57) An opto-electronic hybrid integrated circuit, 
characterized by comprising an opto-electronic hybrid 
platform, said platform including an optical waveguide 
including an under-clad, a core, and an over-clad; a sili- 
con terrace, a dielectric layer, and a conductor pattern 
provided inside or on the surface of said dielectric layer; 
thickness of said dielectric layer being set so that height 
of said conductor pattern is substantially equal to a 
height of said optical waveguide over-clad surface; a 
carrier having an optical device holding surface for hold- 
ing an optical device, a earner height reference surface 
located at a predetermined distance from said optical 
device holding surface, and a carrier electrical wiring; 
and an optical device held on said optical device holding 
surface; wherein a height from said optical functional 
device active layer to said carrier height reference sur- 
fece is set nearly equal to a step between said optical 



waveguide core and said silicon terrace upper surface; 
said carrier electrical wiring and an active layer side 
electrode of said optical functional device are electri- 
cally connected forming an optical sub-module; a silicon 
terrace of said opto-electronic hybrid packaged sub- 
strate and said can-ier height reference surface of said 
optical device sub-module contact, and said conductor 
pattern on said dielectric layer of said opto-electronic 
hybrid packaged substrate and said canier electrical 
wiring of said optical sub-module are electrically con- 
nected. 
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[0001] The present invention relates to a hybrid optical integration platform capable o ■""'^P^;^^^^^^^^^ ^" "Pj^ 
devk:e or optica! sub-module used for optical communication and optical s^nal processmg m ^^Jton to jt^ 
Suides and electrical wirings, an optical sub-module which can be equipped on the board and a hybrid optca^^^^^ 
^3rcuit equipped with the optical device or optical sub-module, and to a process for fabncafng the hybnd opfcai 

mooT °" wm recent advance in optical communication and optical Information processing, development of an opto- 
SectrLic iZr^S circuit is in demand, in which active devices are Incorporated in low-loss optical waveguides and 

'V::^:^^:^^^^^ces on the optical waveguide and ^^^^^^ 
three conditions are required for the opto-electronic board, which are (1) a low-loss optical waveguide f"" J (2) 
optical bench function to incorporate an optical device on the same substrate and prevent axis deviation, and (3) a high- 
frpniipncv electrical wirinq function required to drive the optical device. 

0004] Ho^eSer a ciLt that satisfies the above three conditions has not been obtained with t..e pnor art. 
rooos As a orior art example. Fig. 1 is a schematic perspective view showing constructon called Silicon optical 
bench" in w^^h Sg a g^e groove 2 and positioning reference surfaces 3a. 3b. and 3c forrned on a s"'con subs^te 
f an opS^rSber 4 a semiLductor laser (LD) 5 are integrated on the silicon substrate In this «'n^««°"; ^"^ 
L nuWe^oove can be formed with a good precision utilizing good processability of the silicon substrate, integration 
S the SSSr?wUh opS devices such as the semiconductor laser (LD) 5 and a photo^letector (PD) .^n be eas- 
S achSS Zll, Since the silicon substrate is superior in thermal conductivity, it also functions as a good heat sink 

'Fu^he^ the electrical wiring 6 is fonned directly on the surface of the silicon substrate 1 . or through^^^^ 
thin oxide fHm of less than O.Sjim in thickness, but this structure has a problem of considerably ^etenorating the high- 
f^quTncy chaJcreristics of the electrical wiring 6. That is. to form the electrical wiring 6 with ^^^^l^^^^^^^^^^^^ 
charSstlcs the electrical wiring layer must have a sufficient thickness and be formed on an '"^"'^^ ™* ^^.J' ^'^ 
leSoss HovieL. the silicon substrate 1 is very thin in thickness, the resistance .ls not high enough to ensure the 
hiah-freauencv characteristics, and has a specific resistivity of about 1 k-ohm.cm. ^ ^. ^{.-^r^n 

rooOT Fi^ 2 shows high-frequency characteristics of a 0.6 mm long coplanar wiring formed directly on the sHicon 
iubslrate (T Suzuki et al.: Microwave Workshop Digest (1993) p95). The axis of ordinates indicates transrnission cha^ 
acfeSsirofSpi^^^^^^^ 

about 0.4 dB (2 GHz) and about 0.8 dB (10 GHz), which are converted to 1 cm as 7 dB (2 GHz) and 13 dB (10 GHz). 

TooaT'Tthfotefi^^^^^^^^^ optical packaged circuit having an optical waveguide function, application of siiica- 
K optK^rwaveguide formed on the silicon substrate is expected. Prior art optical waveguides .nclude (i) a ridge 
onSrw^eauide-' in which the core is protected with a thin over-cladding layer as shown in Figs. 3A and 3B. and 
S an SeTi'X. r^^^^^^^^^ in whki the core is embedded in a sufficiently thick over-dadding layer as shown 

IS '%Tg'! is a schematic perspecf^e view showing an example of the ridge type oP«oal >*-eguWe^^^^^^ 
descriied in a document. This document is "Hybrid-Integrated 4 x 4 Optical ^ate Majg^^^^^^^^^ ^y7Z^!^. 

?Sarr^'otralJ^ro7^^^^^^^^ 

—--e-^^r.^^^^^^ 

claddinriayer yc formed on the silicon substrate 1 is protected with very thin cladding layers 7b and 7c. The SLA 8 is 
Sl^e oackaged in an upside-down constnjction in which an active layer 8a is facing down in the v'«"'^ f 
w^egui^end and a hea^^ 9 for heat dissipation is provided on the backside. Since, in such a structure^me core 
TonT lered With very thin cladding layers 7b and 7c. it has problems that (1) the optical --!;";f 
2^ S is liable to be affected by external disturbance, and (3) formation of a directional coupler circurt is difficult. In par 
, ^S^f^elS£e T^p\er is an indispensable circutt element to fabricate a high-performance optical c.rcurt and t^^^ 
So ssSty S tiie formation means that application of the ridge type optical waveguide is hmited ^ ^ n-r™^ a^^^^ 
Zs ttie ridge type optical waveguide does not sufTicientiy satisfy the optical waveguide function. Further, electncal 

™;??,'""Rg"5%twrafra^^^^^^^ 
s PateS AppnStion Layfng^^pen 63-131 104 "Hybrid Optical Integrated Circuit") in which an optical waveguide is fo med 
^ f re,Ssri a r sLon substrate 1 having irregularities and a device is equipped on a P™^"f 'iP^^J^^^^^ ^' 
in a recess ^ a on a s silica-based optical waveguide 10 is formed in tiie recess 1a of the sUicon substrate 1. 
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under daddina layer 10c and the upper surface of the protruded part 1b of the silicon substrate are in line in height, and 

substrate 1 . which does not satisfy the requirements for high-frequency charactensfcs. In Rg. 5, the reference numeral 
8a indicates an active layer, and 1 1 indicates a reference surface for device positioning. 

8a ind cates an y construction of a hybrid optical integrated circuit disclosed in 

20 [0014] Fig. 7 IS a schematic Perepfcii a comprises an optica! waveguide 1 8 protrudingly 

„ r.'^,'°'Tr==r™ a:r>rn;.=a, ,n.,ra.,on »c.r»,^ does jo.^ - a.»» ,..e 



30 



35 



tor pattern formed on the surface or '"side substrate may have a silicon terrace for electronic circuit 

least in the vicinity of silicon terrace of the electrical wiring part. 
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[0027] The silicon terrace may have a side surfiace having an inclination angle; and a thin filnri electrode may be 
formed on the surface and the side surface of the silicon terrace, and the thin film electrode may be electrically con- 
nected to the conductor pattern formed on an upper surface or Inside of the dielectric layer in the periphery of the silicon 
terrace. 

[0028] The silicon terrace for optical device may be divided Into two or more sections, a space between the divided 
silicon terrace may be filled with the dielectric layer, and a conductor pattern may be provided on the dielectric layer 
between the silicon terraces for optical device. The optical waveguide part may include a positioning groove formed on 
the silicon terrace, and an optical fiber fixed in the positioning groove. 

[0029] The optical waveguide part may have an under-cladding layer formed on the substrate, a core, and an over- 
cladding layer, and a height of a core bottom surface of the optical waveguide may be set higher than the upper surface 

of the silicon terrace. 

[0030] The optical waveguide may include at least one signal optical waveguide and at least one monitor optical 
waveguide. 

[0031] The optical waveguide may be a dielectric optical waveguide, and the dielectric layer of the electrical wiring 

15 part may have an under-cladding layer of the dielectric optical waveguide. 

[0032] A second dielectric layer may be stacked on a part of a first dielectric layer, the first dielectric layer including 
the under-cladding layer of the optical waveguide, the second dielectric layer including a material different from the opti- 
cal waveguide, and a conductor pattern may be formed Inside or on the surface of the second dielectric layer. 
[0033] The substrate may be a silicon substrate, the optical waveguide and the electrical wiring part dielectric layer 

20 are formed of silica-based optical waveguide, a conductor pattern formed on the electrical wiring part dielectric layer 
may be a coplanar wiring having a central conductor and a ground conductor, and the dielectric layer may have a thick- 
ness of 50|im or more. 

[0034] The silicon substrate may have an average resistivity of 50 ohm-cm or more, the optical waveguide and the 
dielectric layer are formed on silica-based optical waveguide, a conductor pattern provided on the electrical wiring part 
25 dielectric layer may be a coplanar wiring comprising a central conductor and a ground conductor, and the dielectric layer 
may have a thickness of 20p.m or more. 

[0035] According to another aspect of the present invention, one of the foregoing objects can be achieved by pro- 
viding an opto-electronic hybrid packaged platform, having a silica-based optical waveguide including an under-clad, a 
core and an over-clad which are formed on a silicon substrate; and an electrical wiring layer Including a coplanar wiring, 

30 the coplanar wiring having a central conductor and a grounding conductor which are formed on any one of the under- 
clad and the over-clad of the silica-based optical waveguide, wherein the silica-based optical waveguide defined 
between the electrical wiring layer and the silicon substrate may have a thickness of SOpjin or more. 
[0036] According to another aspect of the present invention, one of the foregoing objects can be achieved by pro- 
viding an opto-electronic hybrid packaged platform, having a silica-based optical waveguide Including an under-clad, a 

35 core and an over-clad which are formed on a silicon substrate; and an electrical wiring layer Including a coplanar wiring, 
the coplanar wiring having a central conductor and a grounding conductor which are formed on any one of the under- 
clad and the over-clad of the silica-based optical waveguide, wherein the silicon substrate may have an average resis- 
tivity of 50 ohm-cm or more, and the silica-based optical waveguide defined between the electrical wiring layer and the 
silicon substrate may have a thickness of 20jim or more. 

^ [0037] The silica-based optical waveguide may have a total thickness of 1 20^.m or less. The substrate may be a sil- 
icon substrate having a recess and a protrusion formed on the surface, the silicon substrate protrusion functions as the 
silicon ten-ace, the optical waveguide may have an under-cladding layer, a core, and an over-cladding layer fomied on 
the recess, and the electrical wiring part may have a dielectric layer formed on the silicon substrate recess and a con- 
ductor pattern provided on the surface or inside of the dielectric layer. 

45 [0038] A conductor pattern may be formed within the substrate, and the conductor pattern in the substrate and the 
conductor pattern in or on the dielectric layer are electrically connected. 

[0039] The optical waveguide part may include an under-clad, a core and an over-clad which are formed on the sil- 
icon substrate, wherein the height of the bottom surface of the core of the optical waveguide part may be higher than 
that of the upper surface of the silicon ten-ace. and wherein the conductor pattern of the electrical wiring part may be 
50 formed on a surface of the dielectric layer, the dielectric layer having a height which may be substantially equal to a sur- 
face of the over-ciad of the optical waveguide. 

[0040] According to another aspect of the present invention, one of the foregoing objects can be achieved by pro- 
viding a method for producing a platform, having the steps of: providing a protruding silicon terrace on a substrate: form- 
ing an optical waveguide under-cladding layer on the substrate, and flattening the surface; forming a core pattern and 
55 an over-cladding layer; removing an over-cladding layer of the silicon terace and the electrical wiring part, all of the 
core and part of an under-dadding layer to form a device mounting part, whereby exposing a silicon terrace upper sur- 
face, and setting the under-cladding layer of the electrical wiring part lower by a desired size than the silicon terrace 
surface; and forming a conductor pattern on the electrical wiring part. 
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[0041] According to another aspect of the present invention, one of the foregoing objects can be achieved by pro- 
viding an opto-electronic hybrid integrated circuit, having a pacl<aged platform, the platform including: an optical 
waveguide having an under-cladding layer, a core, and an over-cladding layer provided on a substrate; a silicon terrace 
functioning as a device mounting part provided as a protrusion adjacent to the optical waveguide; and an electrical wir- 
s ing part provided adjacent to the silicon terrace and including a dielectric layer and a conductor pattern provided on the 
surface or inside of the dielectric layer, wherein on the platform, an optical functional device may be mounted on the 
optical device silicon tenrace, with an optical device surface facing down and at least part of the optical device surface 
contacted with the silicon terrace upper surface, and maintaining optical coupling with the optical waveguide and elec- 
trical connection with a conductor pattern of the electrical wiring part. 
10 [0042] According to another aspect of the present invention, one of the foregoing objects can be achieved by pro- 
viding an opto-electronic hybrid integrated circuit, having a platform, the platform Including: an optical waveguide includ- 
ing an under-cladding layer, a core, and an over-cladding layer provided on a substrate; a silicon terrace functioning as 
a device mounting part provided as a protrusion adjacent to the optica! waveguide; an electrical wiring part provided 
adjacent to the silicon ten-ace and Including a dielectric layer and a conductor pattern provided on the surtiace or inside 
15 of the dielectric layer; and an electronic circuit silicon terrace provided as a protrusion on the substrate in the electrical 
wiring part and functioning as an electronic circuit mounting part; wherein on the platform, an optical functional device 
may be mounted on the optical device silicon terrace, with an optical device surface facing down and at least part of the 
optical device surface contacted with the silicon tenBce upper surface, and maintaining optical coupling with the optical 
waveguide and electrical connection with a conductor pattern of the electrical wiring part, and an electronic circuit may 
20 be mounted on the silicon terrace while maintaining thermal connection with the silicon terrace. 

[0043] Height of conductor pattern upper surface on the dielectric layer in the vicinity of the electronic circuit silicon 
terrace may be set lower than the electronic circuit silicon terrace upper surface, the electronic circuit may be held with 
part thereof contacted with the electronic circuit silicon terrace, and at least part of electrode on the electronic circuit 
surface may be fixed while maintaining electrical connection witin a conductor pattern on the dielectric layer con-espond- 
25 ing to the electrode through electroconductive material. 

[0044] The optical functional device may be contacted and fixed with a backside electrode of the optical functional 
device electrically contacted with a conductor pattern on the recess of a sub-can-ier including thermal conductive mate- 
rial provided with the conductor pattern provided on the surface with protrusion and recess and electrically connected 
from the recess surface to the protrusion surface; the silicon tenrace may be divided into two or more sections, and a 
30 spacing between the divided silicon terrace may be filled with the dielectric layer; a first conductor pattern to the elec- 
trode provided on the active layer side surface of tiie optical functional device and a second conductor pattern core- 
sponding to the optical functional device backside electrode are provided on tiie dielectric layer in the periphery of tiie 
silicon terrace; height of upper surfaces of the first and second conductor patterns may be set lower than the silicon ter- 
race upper surface; the optical functional device mounted on the sub-carrier may be mounted on the platform with the 
35 device surface facing down and while the periphery of the optical device surface maintaining connection and thermal 
connection with the silicon terrace surface; the optical functional device surface electrode and the first conductor pattern 
are electrically connected through an electroconductive bonding material; and the optical functional device backside 
electrode may be electrically connected with the second conductor pattern through the conductor pattern on tiie sub- 
carrier protrusion and an electroconductive bonding material. 
40 [0045] Th_e optical functional device may be contacted and fixed with a backside electrode of the optical functional 
device electrically contacted witii a conductor pattern on the recess of a sub-cannier including thermal conductive mate- 
rial provided with the conductor pattern provided on the surface with protrusion and recess and electrically connected 
from the recess surface to the protrusion surface; the silicon tenrace may be divided into two or more sections, and may 
have an inclination angle; the periphery of the divided silicon terrace may be filled with the dielectric layer; on tiie die- 
45 lectric layer in the periphery of the silicon terrace, a first conductor pattern corresponding to the electi-ode provided on 
the active layer side surface of the optical functional device, and height of the first conductor pattern may be set lower 
than the silicon terrace upper surface; a thin film electrode corresponding to the optical functional device backside elec- 
trode may be formed on part of the silicon terrace upper surface and the inclined side surface, and the thin film electrode 
may be electrically connected with a second conductor pattern provided on the dielectric layer; wherein the optical func- 
50 tional device mounted on the sub-carrier may be mounted on the packaged substrate witii the device surface facing 
down and while the periphery of tiie optical device surfiace maintaining connection and thermal connection with tiie sil- 
icon terrace surface; wherein the optical functional device surface electrode and the first conductor pattern are electri- 
cally connected through an electroconductive bonding material; and wherein the optical functional device backside 
electrode may be electrically contacted with the second conductor pattern through the conductor pattern on the sub- 
55 carrier protrusion and the thin film electrode on the silicon terrace. 

• [0046] Distance from the sub-carrier outer side surface to the optical functional device active layer may be set to a 
desired setting value D in the optical functional device fixed on the sub-carrier; a guide structure formed of tine optical 
waveguide material may be provided in the vicinity of the silicon terrace; distance from the guide structure inner side 
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surface to the optical waveguide core center may be set to the setting value D; and the optical functional device may be 
mounted on the silicon terrace while the sub-carrier outer side surface maintains contact with the guide structure inner 
side surface. 

[0047] The optical waveguide may include at least one signal line optical waveguide and at least monitor optical 
5 waveguide; 

the optical functional device may have a signal port and a monitor port formed at positions individually correspond- 
ing to the signal optical waveguide and the monitor optical waveguide on the platform: and the monitor optica! 
waveguide of the platform and the monitor port of the optical functional device are optically coupled and. at the 
10 same time, the optical functional device may be disposed on the silicon terrace on the platform with the signal opti- 
cal waveguide and the signal port optically coupled. 

r00481 According to another aspect of the present invention, one of the foregoing objects can be achieved by pro- 
viding an opto-electronic hybrid integrated circuit, having: an optical waveguide part including at least one signal optica^ 

IS waveguide and at least one monitor optica! waveguide which are formed on a substrate; an optical device mounting part 
disDOsed at an end or a way of the optical waveguide; and an optical functional device including a signal port for opti- 
cally connecting the signal optical waveguide of the optical waveguide part and a monitor port for optically connecting 
the monitor optica! waveguide of the optical waveguide part, wherein the monitor optical waveguide of the platform and 
the monitor port of the optical functional device are optically coupled and the signal optical waveguide of the optica 

20 waveguide part and the signal port of the optical functional device are optically coupled, and the optical ftinctional 
device may be disposed on the optical device mounting part with optical couples are performed at the same time. 
[0049] The other end of the waveguide of the individual monitor optical waveguides optically coupled with the opti- 
cal functional device may be conducted to an end of the opto-electronic hybrid platform. ..... 

roo50] Two or more optical functional devices are mounted on the opto-electronic hybrid packaged substrate, and 

25 the monitor port of each optical functional device may be optically coupled with the monitor optical VAaveguide connect- 
ing the optical functional device monitor port and an end of the opto-electronic hybrid platform or the monitor optical 
waveguide connecting between the two or more optical functional devices. 

r0051l The optical functional device mounted on the opto-electronic hybrid platfomi may have two or more monitor 
ports, the monitor optical waveguides of a number corresponding to the number of the monrtor porte are provided on 
30 the opto-electronic hybrid platform: and at least one of the monitor ports may be set to a width wider han the signal port 
width, or at least one of these signal optical waveguides may be set to a width wider than the signal optcal waveguide 

ra'oMl According to another aspect of the present invention, one of the foregoing objects can be achieved by pro- 
viding an optical sub-module, having: an optical functional device having an optical device height reference surface at 

35 a predetermined distance from an active layer, an optical device holding surface for holding the oP'^^^J^^f'^^' 
device- and a carrier having a carrier height reference surface at a predetermined distance from the op loal device hold- 
ing surface and a carrier electrical wiring; the optical device height reference surface of the optical functional device and 
the optical device holding surface of the carrier being contacted and fixed, and an active layer side electrode of the opti- 
cal functional device and the canrier electrical wiring being electrically connected. ^, , ^. , ^ ^ *k» 

40 100531 The carrier may be formed of a substrate having protrusion and recess and a die'ec^c layer fomed onUie 
substrate recess, the optical device holding surface and the carrier height reference surface are formed of the substrate 

protrusion, and the can-ier electrical wiring may be formed on the dielectric layer. 

I00S4] The dielectric layer forming the carrier may be a filnv-formed material having an electrical winng layer formed 

on the surface and inside. . . . - 

45 raosa The carrier electrical wiring may be formed on the surface and inside of the camer. ^ ^ 

10056 According to another aspect of the present invention, one of the foregoing objects can be achieved by pro- 
viding an opto-electronic hybrid integrated circuit, having: an opto-electronic hybrid platform, the platform including: an 
opti<il waveguide including an under-clad, a core, and an over-clad; a silicon terrace, a dielectric layer, and a conduc^o 
pattern provided inside or on the surface of the dielectric layer; thickness of the dielectnc layer being set so that height 

so of the conductor pattern may be substantially equal to a height of the optical waveguide overH:lad surface; a earner hav- 
ing an optical device holding surface for holding an optical device, a carrier height reference ^'^'^ l^^^^^^^^^Z^^ 
termined distance from the optical device holding surface, and a carrier electncai wiring; and an optical device held or^ 
the optical device holding surface: wherein a height from the optical functional device active layer to the can-ier height 
reference surface may be set nearly equal to a step between the optical waveguide core and tiie silicon ^rrace upper 

55 surface; the carrier eiectrical wiring and an active layer side electrode of the optical functional device are efectrK^aHy 
connected forming an optica! sub-module; a silicon terrace of the opto-electronic hybrid packaged substrate and the 
canier height reference surface of the optical device sub-module contact, and the conductor pattern on the dielectnc 
STr of SfXeTectro^ hybrid packaged substrate and the carrier electrical wiring of the optical sub-module ara 
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electrically connected. _ 

r00571 The above and other objects, effects, features and advantages of the present invention will become more 

apparent from the following description of embodiments thereof taken in conjunction with the accompanying drawings. 

Fig. 2 is a graph illustrating high-frequency characteristics of a 0.6 mm long coplanar wiring formed directly on the 

silicon substrate; ^. , . 

Fiq 3A is a cross-sectional view showing a platform having a structure of ndge type optical waveguide 
Fia 3B is a cross sectional view showing an optical device mounting part of the platform as shown in Fig. 3A; 
Fig 3C is a cross sectional view showing a platform having a structure of embedded type optical waveguide; 
Fig 3D is a cross sectional view showing an optical device mounting part of the platform as shown in Fig. 3D; 
Fia 4 is a schematic perspective view showing a platform having a ridge type optical waveguide; 
Fig. 5 is a schematic perspective view showing a platform having an embedded type optical waveguide; 
Fig. 6 is a schematic perspective view showing construction of a hybrid optical integrated circuit disclosed in Japa- 
nese Patent Application Laying-open No. 62-242362; , j . 
Fig. 7 is a schematic perspective view showing construction of a hybrid optical integrated circuit disclosed in Japa- 
nese Patent Application Publication 5-2748; ... ^ * , 
Fig. 8 is a schematic perspective view showing an example of a conventional °Pt','^s®']"'f'"^"'r*°lf!^''*^ 
Fig. 9 is a schematic perspective view showing a first embodiment of an opto-electronic hybnd integrated circuit 

ir'^!l%o:e^T^^^^^ Showing a second embodiment of an opto-electronic hybrid integrated cir- 
cuit according to the present invention; ■ t-- ^n. 

Fig. 1 1 is a cross-sectional view showing an optical device mounting part of the circuit as shown m Fig. 10. 
Fig. 12 is a cross-sectional view talten on line A-A' of Fig. 10; 

Fiq 13 is a cross-sectional view taken on line B-B" of Fig. 10; ^ ^ . , « 

Figs. 14A to 14D are cross-sectional views showing an embodiment of a process for fabricating a platform accord- 
ing to the present invention, respectively; ^. , -J „ 
Fig 14A is a cross-sectional view showing a process for forming a silica-based optical waveguide on a substrate 
Fig. 14B is a cross-sectional view showing a step for forming silicon terraces for mounting an optical device and an 

ng1'4t i?"cL"?e^^^^^^ Showing a step for removing a layer of poiyimide which is formed on the terraces 
as shown in Fig. 148 to expose the terraces; , . j i 

Fig 14D is a cross-sectional view showing a step for forming an electrical wiring part on the polyimide layer. 
Fig! 15 is a schematic perspective view showing a third embodiment of an opto-electronic hybnd integrated circuit 

according to the present invention; ^ r • *• 

Figs. 16A to 16E are cross-sectional views showing another embodiment of a process for fabncating a platfom, 

according to the present invention, respectively; . = 

Fig. 16A is a cross-sectional view showing a step for forming a part corresponding to a silicon tenace on a sub- 

Fig^B is a cross-sectional view showing a step for fomiing an under-dadding layer of silica-based optical 

waveauide in a recess of the substrate; 

^g. 16C is a cross-sectional view showing a step for forming a core pattern and an over-oladding layer on the 

J^I^D a cSs-sectional view showing a step for removing the core pattern and the over-ciadding layer to 

T^isi : c"s"s2eSal view showing a step for forming an electrical wiring part on the under-cladding Jayen 
Fig. 1 7 Is a schematic perspective view showing a fourth embodiment of an opto-electronic hybrid integrated circuit 
according to the present invention; 

Fig.18isacross-sectionalviewtakenonlineA-Aof Fig. 17; ^ . i. ^ _ i n an 

Fig. 19 is a graph iilustiBting the curvature radius of the substrate and the axis deviation between LD array and an 

iJ^a sSemaTperspective view showing an optical device as a single body corresponding to the array opti- 
cal device as shown in Fig. 18; 

Fig. 21 is a cross-sectional view taken on line A-A of Fig. 20; 

Fiq 22 is a cross-sectional side view showing the circuit as shown in Fig. 1 8; ^^^,,^h t« Pin 

Fig'. 23 is a cross-sectional side view showing a circuit whose coplanar wiring part is lowered as compared to Fig, 

Fig. 24 is a cross-sectional side view showing a circuit whose coplanar wiring part Is formed on an under-cladding 
part, and whose the under-cladding part Is thick as compared to Fig. 18; 
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Fig. 25 is a schematic perspective view showing a fifth embodiment of an optoelectronic hybrid integrated circuit 
according to the present invention; 

Fig. 26 is a cross-sectional view taken on line D-D of Fig. 25; . . ^ • \r.*^r.r^*^ r^\r 

Rg. 31 is a schematic pei^pective view showing an eighth embodiment of an opto-electron.c hybrid mtegrated cir- 

cuit according to the present invention; 

Stci- vS:Uo»ing a p,a*™ usad ia a meenm ...bodlman, a, an opto^^rlc 

hybrid integrated circuit according to the present invention; 

Fin '^Q iQ a rross-sBctional view taken on line A-A' of Fig. 38; . , x • 

pig! 40 Is a sSnemifc p^spective view showing a platform used in a sixteenth embodiment of an optoelectronic 
hybrid integrated circuit according to the present invention; 

Fin 41 is a cfoss-sectional view taken on line B-B' of Fig. 40; . • * ^♦^w 

fl % is a scTmarperspective view showing a seventeenth embodiment of an opto-electron.c hybnd integrated 

circuit according to the present invention; 

Fig. 43 is a cross-sectional view taken on line C-C of Fig. 42; «i«^„i^ hwhriH inte- 

fS 44A is a schematic perspective view showing an eighteenth embodiment of an opto-electromc hybrid inte- 

grated circuit according to the present invention; 

Flo 44B is a cross-sectional view taken on line B-B' of Fig. 44A; . , * - uww.m i^t^nratoH 

Rg: 45A Is a schematic perspective view showing a nineteenth embodiment of an optoelectromc hybnd integrated 
circuit according to the present invention; 

tlV^S^^'TS:^"^ Sl-^ an op.ca, ^ona, ^ on a suO^- 

cuit according to the present invention; 

Fia 48 is a cross-sectional view taken on line D-D' of Fig. 47; «i«^r.«nir* 
Rg. 49 is a sSematic perspective view showing a platform used in a twenty-first embodiment of an opto-electron-c 
hybrid integrated circuit according to the present invention; 

r»Ta'-« P-~- ?nS=T:.'r=S,d a^^^sM 0, an O^^lc ^ ^ 
grated circuit according to the present invention; 

Fiq. 53 is a cross-sectional view taken on line lll-IH' of Fig. 52; 

Fia 54 is a cross-sectional view showing the circuit of Fig. 53 after reflow of a solder bump. 

Fig S is a sXmatic perspective view showing a platform used in a twenty-third embodiment of an opto-electromc 

'Xft^::^^^ =y ~ Of the Platform of Rg. 55 when .at-su^ce aU^rnina 
subs'tte is used Ts a sSbst^te for the platform and silica-based optical waveguide is used as an optical waveguide 

R^srt Sematic top plan view showing a twenty-fifth embodiment of an opto-electranic hybrid integrated cir- 

cuit according to the present invention; 

Fin '^a is an enlaraed detailed perspective view showing a part VIII of i^ig. i>^ . u .t. • ♦ ^ir 

R, S IS a aSonSi top plan vie» sKowIno a t^e^-Mh an,l»din»nt of an opt«lao«x,» hyt-nd .ntagralad cr- 

Z al™t^Sa";;rS;. on .m. xa-xa. o, F„. 59. «a aho».ng a .«.r dW, wWcn ia moun»d 
Jte* eOBTa^^oss-sactional vla« taken on Hno Xb-W of Fig. 59. tha vlaw ,no»lna a modula«on ana, »f.»h I. 
Z'^t^Z^^Z Plan ^ Showing a t«an„.savsn* emOodtaen. of an op.o.alec«,lo l„bHO l«.9««d 
r"™.!"!: .rplfn 'r SLng a ,.an.,-e^« a^bodln,.. of an opf^laofronlo ^dd ln>eg™.ad 
C"^a:SrrrdSiTa''^*-a,lgn™«ofanopUca,..no«onald»lca^ls.ob,n»un»0 
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onthecircuitof Fig. 62; 

Fig. 63A is a schematic top plan view showing core adjustment and mounting of an LD array as the optical func 

Rg" eSB^in'schematic top plan view showing core adjustment and mounting of the modulator array as the optical 

Fir^'is'a'^schJri.atictop plan view showing a twenty-ninth embodiment of an opto-electronic hybrid integrated cir- 
cuit according to the present invention; . u .1 • * ^ ,*^M Mrr^M 

Fig. 65 is a schematic top plan view showing a thirtieth embodiment of an opto-electronic hybrid integrated circuit 
according to the present invention; * „„«.ai 

Fig. 66 is a schematic perspective view showing an optical device and a earner in a first embodiment of an opftcal 
sub-module which is possible to mount on a platform of an opto-electronic hybrid integrated circuit according to the 
present invention; 

Fig. 67 is a cross-sectional view taken on line A-A' of Fig. 66; . . ^ ^, u- „ ««»=iKi= 

Fig 68 is a schematic perspective view showing a second embodiment an optical sub-module which is possible to 

mount on a platform of an opto-electronic hybrid integrated circuit according to the present 'nvention; 

Fig 69 is a schematic perspective view showing a third embodiment an optical sub-module which is possible to 

mount on a platform of an opto-electronic hybrid integrated circuit according to the present inventon; 

Fig 70 is a schematic exploded perspective view showing a thirty-fourth embodiment of an opto-electronic hybrid 

integrated circuit according to the present invention, the circuit using the optical sub-module of Figs. 66 and 67. 

Fig. 71 is a cross-sectional view taken on line B-B' of Fig. 70; 

Fig. 72 is a cross-sectional view taken on line C-C' of Fig. 70; ^ , u- u • -s..!w» »« 

Fig. 73 is a schematic perspective view showing a fourth embodiment an optical sub-module which Poss ble to 
mount on a platform of a thirty-fifth embodiment of an opto-electronic hybrid integrated circuit according to the 

?r73\lTs"che"matic perapective view showing a thirty-sixth embodiment of an opto-electronic hybrid integrated 
circuit according to the present invention; u- u s« 

Fta 75 is a schematic exploded perspective view showing a fifth embodiment an optical sub-module which is pos- 
^?ie to mount on a platform of a mirty-seventh embodiment of an opto-electronic hybrid integrated circuit according 

Rg'76ra^"cSc exploded perspective view showing a thirty-eighth embodiment of an opto-electronic hybrid 

integrated circuit according to the present invention; . , ^ . , u- u i„ „„ooihio to 

Fig 77 is a schematic perspective view showing a sixth embodiment an optical sub-module which is Possible to 
m?unt on a platform of a thirty-ninth embodiment of an opto-electronic hybrid integrated circuit according to the 

%r7tTa'sc!^eLlc perspective view showing a seventh embodiment an optical sub-module P°^^^^^^^ 
mount on a platform of a fortieth embodiment of an opto-electronic hybrid integrated circuit according to the present 

F^^ "sTs' a schematic perspective view showing an eighth embodiment an optical sub-module f '^'^'f F«s^^^^^^^ 
mount on a platform of a forty-first embodiment of an opto-electronic hybrid integrated circuit according to the 
present invention; 

Flq. 80 is a cross-sectional view tai<en on line D-D' of Fig. 79; and . . ^ • K»KrSH Mm. .it 

pig! 81 is schematic perspective view showing a tbrty-second embodiment of an opto-electronic hybnd circurt 

according to the present invention. 



Embodiment 1 



[0058] Fig. 9 is a schematic perspective view showing a first embodiment of the Jy^'^^ °P«'^V?pr« tJif nfub' 
Se oresent invention. The reference numeral 1 indicates a substrate, and the present embodiment uses a silicon sub- 
Se pr:^der::Jth a protrusion and s recess on the surface. The reference numeral 30 ind^^es a s'h^^^en.- 
which Actions as an optical device mounting part, utilizing ttie protruded upper surface of the s'I'con subsfrate 1 . The 
re^Trence numeral 31 indicates an optical fiber used as an optical waveguide of the present ^'^^^"'^^^'^f^^^^^^ 
n an Optimum position in a V-groove provided in the silicon terrace 30. The reference numeral 52 'nd'^^J^"!^' J" 
eleciode for contacting with the surface electrode of the an optical functional device disposed on the silicon te^ce 30 
wSTs formed by patterning a 1|im thick Au-Sn solder on a O.Spm thermal oxide film provided on the silicon terrac^ 
30 surSceThTs tWn fllm e JrodeT2 is electrically connected to a surface electrede pattern 51 of the op^cal functional 
dLice dbposTd on tSrsu^ of a dielectric layer 50 formed in a recess of the silicon substrate of the electrical w|r,ng 
notion SrrSereni numeral 35 indicates a silicon terrace for electronic circuit. The terrace 35 is surrounded by a 
S?e?ect^icTayr?r^^^^ 
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the silicon recess has an aOjim step, the dielectric layer 50 has a thickness of 50^m, and the conductor pattern 51 on 
the dielectric layer 50 Is formed by a Sjxnri thick Au plating. As a result, a 25p.m step is provided between the upper sur- 
face of the terrace 35 and the upper surface of the conductor pattern 51 . 

[0059] The reference numeral 37 indicates an optical functional device, and the present embodiment uses a semi- 

5 conductor laser (LD). The device 37 is put on a device mounting part on the silicon terrace 30 in an upside-down con- 
figuration with the active layer facing down, thereby achieving positioning in the height direction between the fiber and 
LD without core adjustment. Positioning in the lateral direction may be made by monitoring the optical coupling effi- 
ciency of the optical fiber and the LD. or using a guide structure formed at the substrate side without core adjustment. 
In this case, the active layer side electrode of the LD 37 contacts the thin film electrode 52 on the silicon terrace 30. and 

10 electrically connected with a conductor pattern 38 on the dielectric layer 50. In the thin film electrode 52. the solder is 
heat melted to fix the LD 37 on the substrate. Since, in the present embodiment, the LD is fixed using the thin film elec- 
trode 52 on the silicon terrace 30 as shown above, the silicon terrace 30 can be utilized as a heat sink. At the same 
time, since electrical wiring except the connection with the optical functional device is provided on the dielectric layer 50 
having a sufficient thickness, superior high-frequency characteristics can be obtained. 

15 [0060] The electronic circuit 38 is disposed on the silicon ten^ce 35 with the device forming surface facing down. 
In this case, since the upper surface of the conductor pattern 51 on the dielectric layer 50 is set 25M.m lower than the 
upper suri^ace of the silicon terrace 35. when an about 25jim thick solder bump is used, the surface of the central portion 
of the electronic circuit can be contacted to the upper surface of the silicon terrace 35 and, at the same time, the elec- 
tronic circuit electrode can be contacted with the conductor pattern 51 of the dielectric layer 50 without using an elec- 

20 trical wiring. Therefore, in the present embodiment, heat dissipation of the electronic circuit using the silicon terrace 35 
is possible, and a high-frequency electrical wiring Is achieved not through the silicon substrate 1. 
[0061] As described above, with the optical/electronic hybrid integrated substrate of the present invention, the opti- 
cal bench function of the silicon ten-ace. that is, optical axis positioning function between the optical functional device 
and the optical fiber, a heat dissipation function of the optical functional device and the electronic circuit can be 

25 achieved, and the high-frequency electrical wiring function can be provided. 

Embodiment 2 

[0062] Fig. 10 is a schematic perspective view showing the entire construction of a second embodiment of the opti- 
30 cal/electronic hybrid optical Integrated circuit of the present invention. Fig. 1 1 is a schematic cross sectional view in the 
vicinity of the circuit shown in Fig. 10, Fig. 12 is a cross sectional view taken along surface AA' in Fig. 10, and Fig. 13 
is a cross sectional view taken along surface BB' in Fig. 10. 

[0063] As shown in Fig. 10, the packaged substrate of the present embodiment uses the silicon substrate 1 pro- 
vided with a protrusion and a recess on the surface as in Embodiment 1. In the optical waveguide unit, a silica-based 

35 optical waveguide 40 Is formed In the recess of the silicon substrate 1 , As shown in Fig. 12. the silicon terrace 35 Is pro- 
vided on the optical device mounting part. In the electrical wiring portion, a dielectric layer 50 comprising a polyimide 
resin is formed in the recess of the silicon substrate, the conductor patterns 51 and 510 are provided on the surtiace and 
inside. The silicon terrace 35 for eiectronic circuit is disposed at the center of the electrical wiring portion. 
[0064] As shown in Fig. 1 1 , there Is a 17|xm step in the silicon recess In the optical waveguide part on the left side 

40 of the silicon terrace 35, and a silica-based optical waveguide 40 comprising an under-clad 41 (20^m thick), a core 42 
(B^im X 6|im), an bver-clad 43 (15jim thick) Is stacked on top. The waveguide structure Is refen-ed to as an ^embedded 
type structure", which has superior optical waveguide characteristics since the core pattern is embedded in a clad layer 
with a sufficient thickness. 

[0065] The silicon tenrace 30 has an inclined side surface, and the upper surface and the electrical wiring side sur- 
45 face are provided with a thin film electrode 52 formed by patterning a Ifim thick Au-Sn solder. Distance from the surfiace 
of the thin film electrode 52 to the optical waveguide core center is 5|xm. This size is equal to the distance from the sur- 
face of the mounted LD to the active layer, and positioning in the height direction of the optical waveguide core 42 and 
the optical functional device can be achieved without adjustment by mounting the optical functional device on the silicon 
terrace 30 in the upside-down condition with the surface of the active layer facing down. 
so [0066] The electrical wiring portion on the right of the silicon terrace includes the dielectric layer 50 comprising a 
15|xm thick polyimide on the recess of 25^im depth in silicon, the conductor pattern 51 comprising a 5M.m thick Au pat- 
tern formed on the surface, and the conductor pattern 510 formed inside. The conductor pattern 51 on the dielectric 
layer 50 electrically contacts the thin film electrodes 52 formed on the upper surface and the side surface of the silicon 
terrace. In this case, there is a step of about lO^im between the surface of the silicon terrace 35 and the surface of the 
55 dielectric layer 50. and such electrical wiring can be achieved between two layers with different heights because the 
side surface of the silicon terrace is inclined. When the silicon terrace 35 side surface is formed nearly vertical, it is dif- 
ficult to electrically connect the two layers without using a wire because the electrical wiring is opened by the step 
between the thin film electrode on the silicon terrace and the conductor pattern on the dielectric layer. 
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[0067] In the electrical wiring portion, as shown in Fig. 1 0, the silicon terrace for electronic circuit Is provided at the 
center, where the electronic circuit is disposed. The electrical wiring connecting the silicon terrace for optical device and 
the silicon terrace for electronic circuit is formed of a coplanar wiring comprising a central conductor 51a and a ground 
conductor 51 b. Electrical wiring around the electronic circuit Is formed of a microstrip wiring comprising the surface con- 
5 ductor pattern 51 and the ground conductor 510 provided In the dielectric material. As shown in Fig. 1 3, the ground con- 
ductor 51b of the coplanar wiring and the ground conductor 510 of the microstrip wiring are connected with a through 
electrode 520 provided in the dielectric layer. 

[0068] Comparing the coplanar wiring and the microstrip wiring, the former can be easily formed since It Is formed 
of a single layer of electrical wiring, but the wiring density is not high. On the other hand, the latter has a multilayer of 
10 electrical wiring and requires a complex fabrication work, but can achieve a high wiring density. Since, In the present 
embodiment, polyimlde is used, which is easy to form a multilayer wiring as a dielectric layer in the electrical wiring por- 
tion, formation of the microstrip wiring is possible. By the use of such a packaged substrate structure. Integration of the 
optical functional device and the electronic circuit with a number of connection terminals. 

[0069] The optical functional device 37 mounted on the packaged substrate is a semiconductor laser (LD), which is 
15 mounted on a sub-carrier 44, which is formed by processing a heat conductive material such as the silicon substrate. 
The sub-carrier 44 has a protrusion and a recess formed on the suri^ce, and is fixed so that, after a conductor pattern 
electrically connected from the protrusion surface to the recess surface, the LD backside contacts on the recess, and 
the LD backside and the conductor pattern on the sub-camer are electrically connected. To mount the LD mounted on 
the carrier on the silicon terrace 30, the active layer side surface of the LD Is faced down and contacted with the silicon 
20 terrace 30. the LD active layer side electrode and a first thin film electrode 53a directly contact each other, and the LD 
backside electrode contacts a second thin film electrode 53b on the packaged substrate through the sub-carrier. In this 
case, since the distance from the thin film electrode surt^ace on the silicon terrace to the waveguide core center and the 
distance from the LD device to the active layer are in line with each other, positioning in the height direction with the 
optical waveguide is completed merely by mounting the LD. Positioning within the surface Is made by monitoring the 
25 coupling effect of the optical waveguide with the LD. The silicon terrace is a reference surface with high precision when 
mounting the device and, at the same time, functions as a heat sink. 

[0070] The electronic circuit is mounted on the silicon ten-ace using solder bump with the device surface facing 
down as in Embodiment 1 , In this case, as described above, the height of the dielectric layer of the electrical wiring por- 
tion and the conductor pattern surfece formed thereon is lower than the upper suriace of the silicon terrace. As a result 
30 of the structure, it is possible to contact/mount the electronic circuit on the SILICON terrace, and directly contact all 
electrodes of the electronic directly with the conductor pattern on the dielectric layer not through the electrical wiring on 
the silicon terrace. Thus, the electronic circuit can be mounted with superior heat dissipation characteristics and high- 
speed operation. 

[0071] As described above, in the present embodiment, the silicon terrace for electronic circuit is provided in the 
35 electrical wiring portion, and the height of the conductor pattern surfiace around the circuit is set lower than the SILICON 
terrace. Therefore, In the optical/electronic hybrid Integrated circuit of the present embodiment, the electronic circuit 
electrodes and the conductor pattern on the dielectric layer can be electrically directly connected using solder bump 
and, at the same time, the electronic circuit can be packaged while maintaining contact with the silicon terrace. Further, 
since the side surface of the SILICON ten^ce is inclined, in spite of the step between the upper surfiace of the SILICON 
40 terrace and the conductor pattern on the dielectric layer, the thin film electrode provided on the SILICON terrace for the 
optical device and the conductor pattern on the dielectric layer can be electrically connected. Therefore, the electrode 
leads of the optical functional device can be provided on the SILICON terrace to enhance the heat sink effect, and all 
electrical wirings other than the electrode leads can be formed on the dielectric layer, thereby achieving superior high- 
frequency characteristics. 

45 [0072] With the present embodiment, the optical bench function, that is. the optical axis positioning function 
between the optical functional device and the optical fiber and the heat dissipation function of the optical functional 
device and the electronic circuit are possible, and the high-frequency electrical wiring function can be provided. 
[0073] The packaged substrate of the present embodiment can be fabricated, for example, in steps shown in Fig. 
14A to 14D. First, by a method described later, a recess is formed on the silicon substrate 1 . and the silica-based optical 

50 waveguide 40 comprising the under-clad layer 41 . the core pattern 42, and the over-clad layer 43 is formed (Fig. 14A). 
Then, the surface of the SILICON substrate 1 is processed to form the silicon terrace 30 for optical device and tiie sili- 
con terrace 35 for electronic circuit are formed. In this case, on the bottom surfiace of the silicon recess in the vicinity of 
the silicon terrace 35 for electronic circuit, the conductor film silicon such as gold or copper is provided as a ground con- 
ductor layer (Fig. 14B). On top of it, polyimide is coated and cured as a dielectric material for the electrical wiring por- 

55 tion. unnecessary polyimide is removed by dry etching or \he like to expose the silicon ten-aces 30 and 35. Further, the 
polyimide layer 50 is etched so that the layer is lower by a predetermined step from the silicon terrace (Fig. 14C). Finally, 
the conductor pattern 51 is formed on the surface of tiie dielectric material 50, and the thin film electrode 52 is formed 
to electrically connect with the conductor pattern 51 on the dielectric layer 50 on tiie silicon terrace 30 for the optical 
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device. 



Embodiment 3 



5 [00741 Fig l5isaschematicperspecHveviewshowingconstriicBonofathird embodimentofthehybridopticalinte- 
grated circuit of the present invention. A major difference of the present embodiment from Embodiment 2 is that the die- 
lectric layer of the electrical wiring portion is formed using the same material as the optical waveguide. 
[0075] That Is. the silicon recess Is formed by providing a SS^m step from the silicon ten^ace surface with the optical 
waveguide and the electrical wiring portion. In the silicon recess corresponding to the optical waveguide, the sil^^ca- 

10 based optical waveguide 40 having the under-clad 41 (3Stim thick), the core 42 (6jim x 6jun), and the over-dad 43 
(SOum thicic) is formed. On the other hand, on the silicon recess con-esponding to the electrical winng portion the 
under-clad layer 41 of the silica-based optical waveguide if formed as the dielectric layer 50. It has a thickness of 25^, 
and is lOam lower than the upper surface of the silicon terrace 10 for the optical device and the silicon terrace 35 for 
the electronic circuit. Since the height of the conductor pattern upper surface of the electrical wiring portion is set lower 

15 then the upper surface of the silicon ten-ace. important electrical wiring can all be formed on the dielectnc layer and con- 
nected using solder bump, and the electronic circuit and the silicon tenace can be contacted. Therefore, the packaged 
substrate has high-frequency electrical characteristics and good device heat dissipation function. 
[00761 The structure of the present embodiment, in which the dielectric material of the electrical winng porton and 
the optical waveguide are formed of the same material, has an effect to simplify the substrate formation step. For the 

20 effect the substrate formation process will be described with reference to Figs. 1 6A to 1 6E. A first step of the substrate 
febricktion is to form a step corresponding to the silicon terrace on the substrate (Fig. 16A). In the present embodiment 
using silicon as the substrate, a desired step can be formed by anisotropic etching using an alkali etching solution such 
as KOH By appropriately selecting the crystal orientation of the silicon substrate, the silicon ten-ace side surface can 
be formed with an inclination of about 7= as shown. Afterthat, the under-clad layer 41 of the dielectric optical waveguide 

25 such as silica-based optical waveguide is formed on the substrate recess, and the surface is flattened by Pol'shing or 
the like (Fig 1 6B). Then, the core pattern 42 and the over-clad layer 43 of the optteal waveguide are formed (Fig. 1 6C). 
After that the optical waveguide formed in the region of the electrical wiring including the silicon terrace is removed by 
etching to expose the silicon terrace. At this time, in the etching step of the silica-based optical waveguide and the pol- 
ymer waveguide (polyimlde optical waveguide, etc.). that Is. in reactive ion etching using a mixture of CF4 and or O2 

30 gas as an etchant. the silicon substrate 1 can be used as an etching stop layer. Therefore, when the silicon terraces 30 
and 35 are exposed as the etching advances, etching of the surface does not advance. . , ^ , 
[00771 On the other hand, etching of the optical waveguide portion is continued. As a result, the step between the 
dielectric surface of the electrical wiring portion and the silicon terrace can be formed by a single etching step (Fig. 

35 mm Finally, the conductor pattern is formed on the dielectric suriace of the electrical wiring portion, and the thin 
film electrodes are formed on the surface and the inclined surface of the silicon terrace to form the packaged substrate 
of the present embodiment (Fig. 16E). In this case, an anisotropic etching of the silicon substrate is used >n the step 
shown in Fig. 1 6A, an inclination can be automatically formed on the silicon ten-ace side surface. Since this method can 
easily form the inclination of the silicon terrace side surface, even with a step between the silicon tenace and the upper 

40 surface of the dielectric layer, the electrical wiring can be formed without open circuit between both. 

r00791 Thus by forming the dielectric optical waveguide and the dielectric layer of the electrical winng portion using 
the same material, the fabrication process can be simplified compared to formation of both parte with different maten- 

roOSOl Further, that the silicon terrace side surface is inclined as described above, ratherthan formed vertically^as 
45 an efitect to considerably relax difficulty of packaged substrate fabrication. That is. when the silicon terrace side surface 
is formed nearly vertical, for example, in the packaged substrate in Fig. 9. if there is a step ^^^^'^^n the s jcon terra^^ 
for optical device and the upper surface of the dielectric layer 50. it Is difficult to electncally connect the th'n film elec^ 
trode 52 on the silicon terrace 30 and the conductor pattern 51a on the dielectric layer 50. Therefore, formation of the 
upper surface of the silicon terrace and the upper surface of the dielectric layer without a step in the proce^ of Fig. 16D 
50 in order to achieve an electrical wiring as shown in Fig. 9 using a silicon terrace having a vertical side suriac^ requires 
very high control over the etehing time and etching rate of the optical waveguide, which makes fabrication of the pack- 
aged substrate of this stnicture extremely difficult. This difficulty is eliminated by inclining the side surface of the silicon 
tenrace as described above. 



55 Embodiment 4 



rOOail Fig 17 is a schematic perspective view of a fourth embodiment of the hybrid optical integrated circuit of the 
present invention, and Fig. 18 is a schematic cross sectional view taken along line A-A in Fig. 17. The Figures show an 
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embedded type optical waveguide 60 in wiiich an under-cladding layer 60c. a core 60b. and an over-cladding layer 60a 
are integrated on the silicon substrate 1 . Since the exannple shown in Fig. 1 7 is intended to mount a 400(im pitch 4-array 

optical device, the cores 60b are arranged at 400jim Intervals. 

[0082] As shown in Fig. 1 8. a coplanar line 61 comprising a central conductor 61 a of 400jim interval and a ground 
conductor 61b is formed. A width W of the central conductor 61a. a gap interval S between the central conductor 61a 
and the ground conductor 61b. and a thickness H of the silica-based waveguide layer between the coplanar line 61 and 
the silicon substrate 1 are important parameters affecting the high-frequency characteristics of the coplanar line 61 . The 
parameters will be described later with reference to a table. 

[0083] A mounting part 63 of an optical device 62 is formed by etching the over-cladding layer 60a to expose the 
upper surface of the under-cladding layer 60c. where an electrical wiring layers 63a and 63b are formed. In this case, 
a Sum thick Au plated wire is used as the electrical wiring layers 61a. 61b. 63a. and 63b. and the length of the wiring 
layers 63a and 63b is set to less than 1 mm to reduce the loss. 

[00841 The central conductor 61a of the four coplanar lines 61 is connected by gold ribbon wires 64 to copper, 
block and a guide post 65a called ground post, connected to the electrical wiring layer (electrode) 63a on the under- 
clad 60c. and connected to four electrodes 62c under the optical device 62 through a solder pattern 66 compnsing a 

rootsi" ^" The ground conductor 61 b of the coplanar line 61 is similarly connected to the guide post 65b by a gold rib- 
bon wire 64 connected to the electrical wiring layer (electrode) 63b on the under-clad 60c. and connected to the elec- 
trical wiring layer 67a of a silicon sub-carrier 67 through the solder pattern 66. Here, the silicon sub-carrier is formed on 
the surface with a conductive layer 67a. and held by connecting the electrode 62b on the backside of the optical device 
62 to the conductive layer 67a of the recess by gold-tin solder. Therefore, with the optical device 62 mounted on the 
mounting part 63, it is possible to high-frequency drive with the four arrays by the coplanar line 61. 
[00861 With the optical device 62 mounted on the mounting part 63. four active layers 62a of the optical device 62 
are optically coupled with the core 60b of the silica-based optical waveguide at the front side in Fig. 17. In the present 
embodiment, positions of the electrode 62 and solder pattern 66 of the optical device 62 are shifted to the side from 
directly beneath the active layer 62a of the optical device 62. thereby preventing stress due to mounting of the optical 
device from directiy acting on the active layer. .j ^ 

[0087] Here, the S parameter S21 and axis deviation as an optical bench function wnll be considered on the main 
parameters W. S. and H which affect the high-frequency characteristics of the coplanar line. 



Table 1 



Embodiment 4 of the present invention 
(structural parameter dependence of CPW line) 






HF electrical wiring function 


Optical bench 
function 




Thickness of 
under-clad 
h(M.m) 


Total thickness 
of silica- 
waveguide 
H(KLm) 


Structural param- 
eter of cpw line 
(w.s) 


S21 (dB/cm) 


Axis deviation of 
arrayed optical 
device and opti- 
cal waveguide 
end face (pjn) 










2GHz 


10GHz 




Embodiment 1-1 
Embodiment 1-2 
Embodiment 1-3 
Embodiment 1-4 
Embodiment 1-5 


24.0 
24.0 
24.0 
24.0 
24.0 


60.0 

60.0 
60.0 
60.0 
60.0 


(320,20) 
(160,20) 
( 80.20) 
( 40,20) 
( 20,20) 


-1.2 
-0.8 
-0.6 
-0.4 
-0.3 


-2.3 
-1.6 
-1.1 
-0.7 
-0.6 


0.7 
0.7 
0.7 
0.7 
0.7 


H: Here, the core 
cpw: Coplanar 
Arrayed optical de 


s 6jim, and the upper clad Is 30p.m, and H = h + 36 . 
vice* 4-anByed optical device with 400 p.m pitch. 



r00881 Table 1 shows the relationship between w and s and transmission loss S21 of the coplanar line, and the sil- 
icon substrate 1 has an average resistivity of less than 1 ohm-cm. For parameters W and S. since patterning is made 
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by coating a resist on the substrate having a several tens 1 step such as silica-based optical waveguide it is difficult to 
form less than 20^m with good repeatability. Therefore, w and s are more than 20(im. In Table 1 . the thickness h of the 
under-clad 2c is 24nm. and the thickness H of the entire silica-based waveguide is 601 . and w is vaned from Embodi- 
meht 1-1 to Embodiment 1-5. As a result, the S parameter S21 is smallest when w and s are smallest, and the loss is the 
smallest Since, in Table 1 . the thicknesses h and H are not varied, the axis deviation is a constant value of O-Tjixn even 
with 4 arrays. 



Table 2 



Embodiment 4 of the present invention 
(structural parameter dependence of CPW line) 






HF electrical wiring function 


Optical bench 
function 




I niciNncao ui 
under-clad 
h(MJ7i) 


Total thickness of 
silica-waveguide 
H(^Lm) 


Structural param- 
eter of cpw line 
(w.s) 


S21 (d 


B/cm) 


Axis deviation of 
arrayed optical 

device and opti- 
cal waveguide 
end face (pm) 










2GHz 


10GHz 




Reference 11-1 
Embodiment 11-2 
Embodiment 11-3 
Embodiment 11-4 
Embodiment 11-5 
Embodiment II-6 
Reference 11-7 


10.0 
14.0 
20.0 
24.0 
54.0 
84.0 
104.0 


46.0 
50.0 
56.0 
60.0 
90.0 
120.0 
140.0 


(20.20) 
(20,20) 
(20,20) 
(20.20) 
(20.20) 
(20.20) 
(20.20) 


-0.8 
-0.6 
-0.4 
-0,3 
-0.3 
-0.2 
-0.2 


-1.6 
-1.2 
-0.8 
-0.6 
-0.5 
-0.4 
-0.4 


0.6 
0.6 
0.6 
0.7 
0.8 
1.0 
1.2 


H: Here, the core 
cpw: Coplanar 
Arrayed optical d( 


is 6p.m. and the uf 
3vice: 4-arrayed op 


jper clad is 3Q\m, and H = h + 36 . 
tical device with 400 pm pitch. 









[0089] Table 2 utilizes the results of Table 1 so that (w. s) = (20.20)jun where S21 is smallest< and S parameter and 
axis deviation are picked up when the thickness h of the under-clad 60c and H are varied. In Reference E^amptes 11-1 
and 11-7. the prior art structure is applied, and in Reference Examples 11-2 to 11-6. h and H are ^ 
results are shown in the vicinity of H = 50 to 90. Axis deviation is caused by warping of the substrate due to tt,e thick- 
ness of the clad, which leads to an increase in coupling loss. ..... x 

ra090] Table 2 will be described in detail. As to the thickness H dependence, in general, loss in the high-frequency 

must be less than 1.0 dB/cm and, considering wide applications of the hybrid substrate of ti.e P^^^^f 

is required to be less than 1 .5 dB/cm. From Table 2, to reduce the loss to less ttian 1 .5 dB/cm. ttie total thickness H of 

the silica layer must be more than 50 ^^m. . r K„*^t«. h^. 

[0091] Further, for the hybrid substrate to maintain a good optical bench function, warping of the substrate must be 
smal m Fig. 18. since the silica-based optical waveguide layer and the silicon «"bstrate \d.ffer thermal «cpans^^ 
coefficient, warp ng of substrate increases as H increases. When warping of the substrate ^^J^^^^^' ^J''^' 
waveguide end fa^ and optical device, for example, the active layer of the LD array, causes dislocation, resulting n 
^Slupling loss and irSpalring the optical bench function. Since the opto-electronic hybrid P^^^^^l^f^^^l^'^^ 
required to be developed to 4 x 4 switches and the like, it is required that, for example, a 4-array LD module or the like 
is mounted on tiie substrate to deal with array application of the optical device. As a 75.""; ^'"^ ?f^^^^^^ 
of Table 2 (axis deviation) is required to be decreased. Fig. 19 shows relationship of the ttiickness H of the silica laye 
onThe silon Lbstrate. warping of the silicon substrate (curvature radius), and the axis deviation in a 400nm interval 
iarray lS mod^^^^^^^ It can be seen from the Figure ttiat the thickness H must be less than 120^m to reduce the axis 

'"ii'ummari.'n the silica-based optica, waveguide in Fig. 18. to satisfy ti,e high-frequency ^ectrical «^ring 
Eon and ttie optical bench function for mounting the optical device. H is required to be more than 50nm and less 
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10 



IS 



20 



25 



30 



40 



45 



SO 



55 



than 120iim. 

[00931 As can be seen from Table 1 and Table 2. the example shown In Fig. 17 is practically and optmally usable 
as a low-loss optical waveguide, which uses a hybrid optical integrated substrate of under-clad h = ao^m, core diameter 
= 6 X earn over-clad = 30tim. and total silica layer = 66tim. Further, transmission loss of the optical waveguide shown 
in Fig. 17 is less than 0,1 dB/cm, and when LD Is used as an optical device, good charaoteristios are obtained in high- 
speed modulation of 10 GHz for the 4 anrays. . * ^. ..k 
[0094] Thus, the present embodiment has a low-loss optical waveguide function, an optical bench function with 
reduced axis deviation, and a high-frequency electrical wiring function with reduced S21. 

[0095] Figs 20 and 21 show the 4-array of Fig. 17 divided into discrete devices. In this case, since it is not an 
arrayed device but the arrayed device is divided into discrete devices, even when warping of the substrate occurs no 
axis deviation occurs, and it has the above three functions even except the condition of the thickness H of ess than 
120jim. On the contrary, when discrete devices are combined into an array, the condition of thickness H of less than 

r00°961 ^htti present embodiment, the coplanar line 61 is formed on the surface of the over-clad, but the coplanar 
line can also be formed in other positions. Fig. 22 shows a side view of Fig. 17. Fig. 23 shows a side view in wliich the 
over-dad 60a under the coplanar line 61 is made thin, and Fig. 24 shows a side view in which the entire under-cladding 
layer 60c is made thicker, and the coplanar like 61 is formed directly on the under-clad 60c. As in the examples shown 
in Figs 23 and 24. even when the height of the coplanar wiring layer is set lower than the upper surface of the over-dad 
of the optical waveguide, it can also be used as a good opto-electronic packaged substrate as well. 

Embodiment 5 

[00971 Embodiment 4 was an example using a general-purpose silicon substrate (resistivity, up to 1 ohm-cm). On 
the other hand, the high-frequency electrical wiring function can be even further improved by increasing the resistvity 
of the silicon substrate. This enables a thinner silica-based optical waveguide between the coplanar line and the silicon 
substrate, and construction Is possible as shown In Fig. 25 in wrtiich the high-fi-equency line can be placed on a thinner 
under-ciad2c.thereby expanding the application. ^ , . .„,«K«ui„u 

[0098] First, for the structural parameter of the substrate used in Fig. 25, optimization is made in view of the high- 
requency electrical wiring function and the optical bench function by Fig. 26 which has the same structure as the D-D 
cross sectional view of the high-frequency electrical wiring portion in Fig. 25. In Figs. 25 and 26. the reference numeral 
61a indicates a central conductor of the coplanar line. 61b Indicates a ground conductor. 61c indicat^ an under-olad- 
dinq layer, and 1 is a silicon substrate having a higher resistance than Embodiment 1 shown in Fig. 17. 
[00991 In Fig. 25. 67 is a sub-carrier of silicon, and the optical device 62 is held in the recess. A conductive layer 
67a Is formed on the surface of the sub-carrier 67. whidi electrically connects with the backside of the optical device 
62 By connecting both legs of the sub-carrier to solder pattern 67b, the coplanar line 61 and the electrode 62b on ttie 
badcside of the optical device 62 are electrically connected. On the other hand, the electrode 62o on the s de of the 
active layer of the optical device is connected by a solder pattern 67b formed on the central conductor 61a of the copla- 
nar line 61 , and the optical device 62 can be operated by the coplanar line. Further, the silicon sut)-carner 67 absorbs 
heat generated in the optical device, and dissipates the heat to the air or the coplanar lirie 61 . In the present embody 
ment. the position of the solder pattern 67b connecting to the electrode 62c of the optical device 62 is shifted to the side 
from directly beneath the active layer 62a of the optical device, thereby preventing a stress associated with mounting of 
the optical device from acting directly on the active layer. k 
[0100] Main parameters affecting the high-frequency characteristics of the coplanar line are thickness h of the sil ca 
under-dadding layer between the coplanar line and the silicon substrate, width w of the central 
coplanar line, and gap spadng s between the central condudor61a and the ground conductor layer 61b of the coplanar 

[01011 Relationship between the parameters S and W and S parameter S21 representing loss of the coplanar line 
is shown in Table 3, and the S parameter S21 and axis deviation by the thidaiess of the under-dad 2c based on s and 
w of Table 3 are shown In Table 4. j • 

[01021 The silicon substrate uses one which has an average resistivity of up to 50 ohm-cm. For w and s. since pat- 
terning is made by coating a resist on the substrate which has a step of several tens jun such as silica-based optical 
waveguide and the like, it is difficult to form in less than 20(im with good reprodudbility. Further Figs. 25 and 26 are 
examples of discrete optical devices, and Table 4 shows axis deviation due to warping of the substrate when a 4-array 
optical device is mounted in 400ji.m pitch. „ j e „««,™ator «5 

[0103] First, changes in conductor width w which is a structural parameter of the coplanar line and S parameter S21 
by the gap s are shown In Table 3. 
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Table 3 



5 


Embodiment 5 of the present invention 
(structural parameter dependence of CPW line) 








HF electrical wiring function 


Optical bench 
function 


10 




Thickness of 
under-clad 
h(M.m) 


Total thickness 
of silica- 
waveguide 
H(jim) 


Structural param- 
eter of cpw line 

(W.S) 


S21 (dB/cm) 


Axis deviation of 
arrayed optical 

oevice ana opu- 
cal waveguide 
end face (p,m) 












2GHz 


10GHz 




15 


Embodiment 111-1 


30.0 


66.0 


(320.20) 


-1.0 


-3.2 


0.4 




Embodiment 111-2 


30.0 


66.0 


(160,20) 


-0.7 


-2.4 


0.4 




Embodiment II 1-3 


30.0 


66.0 


( 80,20) 


-0.5 


-1.6 


0.4 


20 


Embodiment 111-4 


30.0 


66.0 


(40.20) 


-0.5 


-1.1 


0.4 




Embodiment II 1-5 


30.0 


66.0 


( 20,20) 


-0.5 


-1.0 


0.4 


25 


H: Here, the core 
cpw: Coplanar 
Arrayed optical de 


s 6p.m, and the upper clad Is 30p.m, and H = h + 36 . 
vice: 4-arrayed optical device with 400 p.m pitch. 



[0104] As can be seen from Table 3, as results of Embodiments lll-l to III-5. (w. s) = (20, 20)^l gives the smallest 
loss as in Table 1 . 

30 

Table 4 









Embodiment 5 of the present invention 






35 




(structural parameter dependence of CPW line) 










HF electrical wiring function 






Optical bench 
















function 






Thickness of 


Total thickness 


Structural param- 


S21 (dB/cm) 


Axis deviation of 






under-clad 


of silica- 


eter of cpw line 






arrayed optical 


40 




h(M.m) 


waveguide 


(w.s) 






device and opti- 






HOim) 








cal waveguide 














end face (pm) 












2GHz 


10GHz 




45 


Reference IV-1 


1.5 


37.5 


(20,20) 


-3.4 


-1.6 


0,03 




Reference lV-2 


10.0 


46.0 


(20,20) 


-1.1 


-1,2 


0.07 




Reference IV-3 


15.0 


51.0 


(20,20) 


-0.8 


-0.8 


0.10 




Embodiment lV-4 


20.0 


56.0 


(20,20) 


-0.6 


-0.6 


0.15 


50 


Embodiment IV-5 


30.0 


66.0 


(20,20) 


-0.5 


-0.5 


0.17 




Embodiment IV-6 


60.0 


96.0 


(20,20) 


-0.3 


-0.4 


1.36 




Embodiment IV-7 


84.0 


120.0 


(20,20) 


-0.2 


-0.4 


1.96 


55 


Reference IV-8 


94.0 


130.0 


(20.20) 


-0.2 


-0.3 


1.05 
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Table 4 (continued) 



10 



Embodiment 5 of the present invention 
(structural parameter dependence of CPW line) 






HF electrical wiring function 


Optical bench 
function 




Thickness of 
under-clad 
h(|im) 


Total thickness 
of silica- 
waveguide 
H(*im) 


Structural param- 
eter of cpw line 
(w.s) 


S21 (dB/cm) 


Axis deviation of 
arrayed optical 
device and opti- 
cal waveguide 
end face (M.m) 










2GHz 


1GGHZ 




Reference IV-9 


120.0 


156.0 


(20,20) 


-0.2 


-0.3 


1.31 


H: Here, the core i 
cpw: Coplanar 
Arrayed optical de^ 


s 6p.m. and the upper clad is SOjim. and H = h + 36 . 

^ice: 4-arrayed optical device with 400 lixn pitch. 



15 



20 



25 



30 



3S 



40 



[01051 Further, as shown in Table 4. with (w, s) = (20, 20)jini. S21 and axis deviation with changes in the under-clad 
thiclcness h are shown. As shown, in order to reduce S21 to less than 1.5 dB/cm at 10 GHz. h is required to be more 
than 20 iim By increasing the resistivity of the silicon substrate, the thickness of the silica layer on the silicon substrate 
can be reduced to less than Embodiment 1 . Further, to reduce the axis deviation between the active layer of the optical 
device and the core of the optical waveguide, the total thickness H of the silica layer must be less than 120 ^im. 
[0106] As described above, in the silica-based optical waveguide of Figs. 25 and 26. it has been found that, to sat- 
isfy the high-frequency electrical wiring function and the high precision optical bench function for mountng the optical 
device, the under-clad thickness h of the silica-based optical waveguide must be more than 20 jim. Further, when an 
optical device of 4-array or more is mounted in 400 ^m pitch, a condition is added that the total thickness H of the silica- 
based optical waveguide must be less than 120 pjn. . . 

[0107] As can be seen from Table 3 and Table 4. an example using a discrete LD module as an optical device using 
a substrate in which under-clad h = SOjim. c6re diameter = 6 x 6(im. over-clad thickness = 30nm. and the entire silica 
layer of 66iim is shown in Fig. 25, which is considered to be optimum as a low loss silica-based optical waveguide. 
[01081 As described above, the hybrid optical Integrated substrate of Embodiment 5 satisfies not only the proven 
low loss optical waveguide function, but also the high-frequency wiring function for driving the optical device and the 
high precision optical bench function for ensuring the flatness of the substrate. Further, as compared with Embodiment 
1 the present embodiment uses an under-clad of 30 jxm thick which has been proven as optical waveguide, and does 
not use a guide post or the like, thereby simplifying the electrode structure. Therefore, the high-firequency characteris- 
tics are improved and the packaging work has been simplified. ,. . ^r./ e 
[0109] Transmission loss of the optical waveguide of the hybrid optical integrated circuit was less than 1 dBfem. Fur- 
ther, when LD Is used as an optical device, good characteristics are shown in high-speed modulation at 10 GHz. 



Embodiment 6 

[01 10] Fig 27 is a schematic view showing a sixth embodiment of the hybrid optical integrated circuit of the present 
45 invention. The present embodiment uses the silicon substrate 1 having protrusion and recess in place of the flat silicon 
substrate 1 used in Embodiment 4. The under-cladding layer 60c of the silica-based optical waveguide is formed m the 
recess of the silicon substrate 1 . and protrusions 68a and 68b of the silicon substrate are exposed to an optical device 
mounting part 68 as shown, which can be used as a height reference surface when mounting the optical device 62^ 
[01111 The B-B cross section in Fig. 27 is the same in stmcture as in Fig. 26. wherein the under-cladding layer 60c 
so of thickness h = SOjun which is optimized in Table 3 and Table 4. A C-C cross sectional view in the optical device mount- 
ing part 68 is shown in Fig. 28. On the protrusion 68a of the silicon substrate 1 . a thin electrode 62c is formed separately 
from the active layer 62a of the optical device 62, which functions as the height reference surface and an electrode of 
the optical device 62. The coplanar line uses a Sjim thick gold plating layer on the under-clad, but uses a gold spatter 
film of less than liim in thickness on silicon terraces 68a and 68b. The electrode 62b on the backside of the optical 
55 device 62 is held by the silicon sub-carrier, and electrically connected to the elecft-ode 61 b on the silicon terrace 68b 
through the conductive layer 67a on the surface of the silicon sub-carrier 67a and a conductive bonding matenal 69. 
r01121 Using the silicon substrate having the protrusion, the silicon protrusion 68a can be used as the mounting 
height reference surface, and positioning of the optical device 62 and the optical waveguide core 62a can be made with 
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even higher precision. Heat generated in the optical device 62 can be dissipated to heat conductive silicon substrate 1 
through the sub-carrier 67 and 68b and, since the substrate 1 is closely contacted to a highly heat conductive paclcage 
70, heat dissipation of the optical device 62 is remarkably improved. 

[0113] High-frequency characteristics in the coplanar line 1 4 are also good as in Embodiment 4. Although the high- 
frequency line is located immediately above the electrode on the silicon terraces 68a and 68b, the distance flowing 
high-frequency is actually very short, and the loss is very small. 

[0114] The thiclcness H including the under-clad 60c. the core 60b, and the over-clad 60a uses 66 jim optimized in 
Table 4, which is a good optical bench with reduced warping. 

Embodiment 7 

[Oil 5] Fig. 29 Is a schematic perspective view showing a seventh embodiment of the hybrid optical integrated cir- 
cuit of the present invention. The present embodiment uses an LD 71 as the optical device 62 of Embodiment 6, and 
further an LD driver 72 for driving the LD is mounted on the same substrate 1. The optical device mounting part 68 is 
the same in structure as in Fig. 27. The Input side coplanar like 61b to the LD driver is the same In structure as the 
coplanar line 61 in Fig. 27. However, the coplanar line 61a connecting the LD driver 72 and the LD 71 is inserted with 
a high-frequency chip resistor 73 for impedance matching of the 50-ohm coplanar line with the LD. An E-E cross sec- 
tional view of the LD driver 72 is shown in Fig. 30. As shown, the LD driver 72 Is placed on a protrusion 74 of the silicon 
substrate in order to efficiently dissipate heat of the LD driver 72 which has high heat evolution. As in Embodiment 5, 
heat of the LD is efficiently absorbed by the silicon substrate. By contacting the entire LD module closely with a package 
of highly heat conductive material, heat can be efficiently dissipated. Connection between the LD driver 72 and the 
coplanar line 61 a and between the LD driver 72 and a DC bias line 61 c, as shown In Fig. 30. is made using a guide post 
65c and a gold ribbon wire 64 to reduce loss of the high-frequency components to a minimum. Since the silicon protru- 
sion 74 contacts only the bottom surfece of the driver, and separates from the coplanar line, the high-frequency char- 
acteristics are not deteriorated. 

[0116] Transmission loss of the optical waveguide of the hybrid optical integrated circuit was less than 1 dB/cm. Fur- 
ther, by inputting a 10 GHz modulation signal from a coplanar line input end 75 to the LD driver 72 and adjusting the 
amplitude and modulation potential by the DC bias line 61c. the LD device showed good modulation characteristics up 

to 10 GHz. .... 
[0117] As described above, by utilizing the low-loss optical waveguide function, high-frequency electncal wiring 
function, and high precision optical bench function of the hybrid optical integrated substrate of the present embodiment, 
such a high-speed LD module can be achieved on the same substrate of several cm square. 

Embodiment 8 

[0118] Fig. 31 is a schematic perspective view showing an eighth embodiment of the hybrid optical integrated sub- 
strate of the present invention. The present embodiment has the same construction for the silica-based optical 
waveguide, the optical device mounting part 1 3. the coplanar wiring parts 61 a and 61 b, and the LD driver mounting part 
61c. However, the silicon substrate 1 Is extended to form a guide groove 77 so that a fiber 76 can be connected on an 
end face 62d of the silica-based optical waveguide without core adjustment. An X-X cross sectional view of the guide 
groove 77 is shown in Fig. 32. The guide groove 77 pan be easily formed by etching the optical waveguide and the sil- 
icon substrate. By the guide groove 77, the optical fiber 76 can be easily connected to the optical waveguide core 62b 
without core adjustment, thereby even further expanding application of the hybrid optical integrated substrate. 

Embodiment 9 

[0119] Fig. 33 is a schematic perspective view showing a ninth embodiment of the hybrid optical integrated circuit 
of the present invention. In the present embodiment, portions other than the silica-based optical waveguide have the 
same construction as Embodiment 4, and the silica-based optical waveguide Is changed from the embedded type to 
the ridge type. In association with the change, only the thickness of the over-clad 62a is the same as that of a ridge type 
optical waveguide 78 and is thus small. As previously described, the ridge type optical waveguide is slightly inferior in 
characteristics to the embedded type but. for other points, functions as a good packaged substrate for hybrid optical 
integration. 

Embodiment 10 

[0120] A tenth embodiment (not shown) is the same as Embodiment 4 shown in Fig. 20. except for the optical 
device mounting part 3, in which the optical device mounting part 63 is changed to an optical device mounting part 68 
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using the silicon terrace as shown in Fig. 27. Compared with Embodiment 4. good characteristocs are maintained in 
terms of the optical waveguide function and the electrical wiring function as in Embodiment 4 and. as descnbed in 
Embodiment 6, the silicon terrace can also be used as a height reference surface of optical device mounting, and heat 
dissipation is improved. 

5 

Embodiment 1 1 

[01211 Fig 34 is a schematic perspective view showing an eleventh embodiment of the hybrid optical integrated cir- 
cuit of the present invention. The present embodiment is the same in structure as Embodiment 5 shown in Fig. 25 
10 except for the silica-based optical waveguides 60a and 60b. and the embedded type optical waveguides 6Ga and 6Gb 
are changed to ridge type optical waveguides 78a. 78b. and 78c. As previously described, the ridge type optical 
waveguide is slightly inferior to the embedded type optical waveguide in optical waveguide charactenstics. but Embod- 
iment 11 functions as a good packaged substrate for hybrid integraHon as in Embodiment 5 In terms of the high-fte- 
quency electrical wiring function and the optical bench function. 

IS 

Embodiment 12 

[0122] Fig. 35 is a schematic perspective view showing a twelfth embodiment of the hybrid optical Integrated circuit 

of the present invention. . ^ , •••^^ 

20 [0123] The present embodiment is the same in structure as Embodiment 6 shown in Fig. 27 except Ibr the silica- 
based optical waveguides 60a and 60b. and the embedded type optical waveguides 60a and 60b are changed to ridge 
type optical waveguides 78a. 78b, and 78c. As previously described, the ridge type optical waveguide is slightly infenor 
to the embedded type optical waveguide in optical waveguide characteristics, but Embodiment 12 functions as a good 
packaged substrate for hybrid integration as in Embodiment 6 in terms of the high-frequency electrical wiring function 

25 and the optical bench function. , u j- * tv. a-.^ 

[0124] As described above. In the hybrid optical integrated packaged substrate of the above embodiment, the dis- 
advantage of high dielectric loss at high frequencies of the silicon substrate proven as a low loss silica-based optical 
waveguide substrate is solved by using a silica-based buffer layer with an appropriate thickness and. in view of the high 
precision optical bench function, the thickness of the silica-based optical waveguide is optimized so that warping of the 

30 substrate is reduced to the extent that coupling loss is not increased due to axis deviation relative to the optica 
waveguide even when an arrayed optical device is mounted. Theretbre. an active device can be mounted to the optcal 
waveguide with good precision, and it can used as an opto-electronic packaged substrate or a platform which operates 
with Improved high-frequency characteristics. . 
[0125] The high-frequency electrical characteristics are even further improved by enhancing the resistivity of the si - 

35 icon substrate, and sufficiently good high-frequency characteristics can be maintained even though the thickness of sil- 
ica layer between the coplanar line and the silicon substrate. Therefore, it is also possible to use the under-cladding 
layer of about SOjim In thickness which is proven as an optical waveguide, and use a stmcture where the coplanar line 
is lower than the core layer, thereby expanding the application. , , x»u^„:, 

[01 26] Further by using the silicon substrate with protaision and recess, forming the under-cladding layer of the sii- 

40 ica-based optical waveguide is formed in the recess, and the protrusion is exposed in the optical device mounting part 
and used as a height reference surface, thereby providing an even higher precision optical bench function In this struc- 
ture, the highly heat conducfiveViitabn substr^e can be utilized as a heat dissipation plate for the optical device and lis 
driving IC through the silicon terrace. .,• » 

[01 27] By forming a fiber guide groove in the silicon substrate, it is possible to connect the fiber to the silica-based 

45 optical waveguide without core adjustment. 



Embodiment 13 



so 



55 



[0128] Fig 36 is a schematic cross sectional view showing a thirteenth embodiment of the opto-electronic hybnd 
optical Integrated circuit of the present Invention. The reference numeral 1 indicates a silicon substrate having a resis- 
tivity of 100 ohm-cm. In the optical waveguide section, a silica-based optical waveguide 2 is formed in the recess pro- 
vided on the substrate surface. The under clad has a thickness of 30jim. the core is 6^lm thick, and ttie over-clad is 
30um thick A dielectric layer 50 comprising the same material as the silica-based under-cladding layer is formed in the 
silicon recess of the electrical wiring part. Thickness of the dielectric layer 50 between the optical device silicon ten^ce 
30 and the electronic circuit terrace 35 is 20^m. and a S^un thick conductor pattern 51 is formed on top^ Thm film elec- 
trodes 52 are formed on the upper surface of the optical device silicon terrace 30 and the inclined side surface and 
electrically connected to the conductor pattern 51 . The optical active device 37 Is mounted upside down on the silicon 
terrace 30 while maintaining electrical connectton with the thin film electrode 52. The electronic circuit 38 is mounted 
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on the silicon terrace 30 with the device surface facing down, and fixed with the conductor pattern 51 with a 5 high 
solder bump 53. In the electrical wiring part on the right of the electronic circuft. a second dielectnc layer 52c is stacked 
on the dielectric layer 50 comprising the silica-based optical waveguide under-cladding layer. A multilayered conductor 
pattern 510 is provided in the second dielectric layer 52c. and a conductor pattern 51b is provided on the surface. 
[01 291 In the present embodiment, the dielectric layer of the electric wiring part is the dielectric layer 50 comprising 
the same material as the silica-based optical waveguide, the second dielectric layer 52c comprising polyimide is pro- 
vided in part of the dielectric layer, and the multilayered electrical wiring 510 is provided Inside. With this constmction. 
the optical device of low wiring density and the electronic circuit are connected with the high-speed coplanar line, and 
the electronic circuit of high wiring density can be wired using a multilayered microstrip wiring. Further, in the present 
embodiment the coplanar wiring area and the microstrip wiring area use the under-clad layer of the optcal waveguide 
for the first dielectric layer. As a result, compared with Embodiment 2 for achieving the same object as the present 
embodiment, fabrication process of the packaged substrate can be simplified. 

Embodiment 14 

[01301 Fig 37 is a schematic cross sectional view showing a fourteenth embodiment of the hybrid optical integrated 
circuit of the present invention. The substrate 1 in the present embodiment is a ceramic substrate, and the optical device 
silicon terrace 30 and the electronic circuit silicon terrace 35 are provided on top. The optical waveguide 40 is a silica- 
based optical waveguide. The dielectric layer 50 of the electrical wiring part is formed of polyimide. The present embod- 
iment is characterized in that not only the conductor pattern 51 is provided on the surface and inside the dielectric layer 
50 of the electrical wiring part, but also an electrical wiring 530 is provided in the ceramic substrate. 
[01 31] m the present embodiment, silicon terrace with high thermal conductivity is used for the device mounting 
part a silica-based optical waveguide is used as the optical waveguide, in the electrical wiring part, conductor patterns 
are provided inside and on the surface of the dielectric layer on the substrate, and a conductor pattern is provided also 
in the ceramic substrate which is easy to provide a multilayered electrical wiring. As a result, the packaged substrate of 
the present embodiment has a high-performance optical waveguide function, the silicon bench function, and the high- 
frequency electrical wiring function, and a very high density electrical wiring can be fomied. 

[01321 To provide a silicon terrace on a substrate of different material such as ceramic, for example, an anodic 
bonding technique can be used. In this technique, a thin SiOg film is previously formed on the suriiaoe of the ceramic 
30 substrate and backside of the silicon terrace, and both are heated to join. 

Embodiment 1 5 

[01 331 Fig 38 is a schematic perspective view showing an optical packaged substrate in a fifteenth embodiment of 
the hybrid optical integrated circuit of the present Invention. In the Figure, the reference numeral 1 indicates a silicon 
subs^ate. on the surface of which are formed protrusion with respect to the reference surface la. An optcal waveguide 
part I is formed on the silicon substrate reference surface, and 60b indicates a silica-based optical waveguide core (6 x 
6 am), which is embedded in the 30 jim thick over-cladding layer 60a. In an optical device mounting part II. the sihcon 
substrate protrusion is exposed, which is the height reference surface 30 when mounting the optcal device. The height 
reference surface 30 is divided into two parts about the position corresponding to the waveguWe core 60b. and around 
of which irte"^iKWsillca-based optiSarvraveguide uniaeT-claddihg layer 60c. The- uhder-cladding layer 60c in the 
optical waveguide mounting part II is 35^ in thickness, an electrical wiring layer 500 of coplanar structure comprising 
the central conductor pattern 50 and the ground conductor pattern 51 is formed on the surface the^«°^' f ""L*!!.^"^^ 
pattern 52 is formed at one end of the central conductor pattern, that is. in the gap of the divided height reference 30. 
The thickness 35nm of the silica-based optical waveguide under-cladding layer 60c is a sufficient thickness for the elec- 
trical wiring formed on ttie surface to provide superior high-frequency characteristics without being affected by the sih- 
con substrate. The electrical wiring layer 500 and the solder pattern 52 are both 5 jxm in thickness, in the present 
embodiment, the electrical wiring layer 500 is formed of gold, and the solder pattern 52 is formed of a gold-tn al oy. 
[01341 Fig 39 is a cross-sectional view taken on line A-A' of Fig. 38 when the semiconductor device Is mounted on 
the hybrid optical integrated substrate of Fig. 38. In thepresent embodiment, the height reference surface 30 compris- 
ing the silicon protrusion is divided into two parts, the gap is filled with the under-cladding layer 60c of the silica-based 
optical waveguide, and the central conductor 50 as the electrical wiring and a solder pattern 501 are formed on the sur- 
face. Therefore, in mounting the semiconductor optical device 37. all the electrical wiring layers, mc ud.ng the connec- 
tion with an electrode pad 37a of the semiconductor optical device, can be formed on the surface of the under-cladding 
layer 60c of the silica-based optical waveguide having a sufficient thickness. As a result, effe^ of the low resistvity a nd 
the high dielectric constant of the silicon substrate on the electrical wiring can be neglected. Since the sjca-based opt- 
cal waveguide is better as an electrical wiring substrate than silicon substrate In terms of the resistvity and dielectnc 
constant, the electrical wiring of the present embodiment can provide improved high-frequency charactensttcs. 



35 



40 



4S 



SO 



21 



EP 1 083 450 A1 

[0135] Height from the protrusion surface 30 as the height reference surface of the silicon substrate I to the center 
of the optical waveguide core 60b is set equal to the height from the active layer 37b of the semiconductor optical device 
37 to the device surlace. Therefore. In mounting the optical semiconductor device 37, it is possible to set the height of 
the silica-based optical waveguide core 60b In line with the height of the active layer 37b of the semiconductor optical 
device, merely by mounting the semiconductor optical device upside down on the height reference surface 30 of the 
protrusion of the silicon substrate 1. At the same time, the protrusion of the silicon substrate also functions as a heat 
sink of the semiconductor optical device. Further, as shown in Fig. 16. the optical device mounting part is formed by 
removing unnecessary silica-based optical waveguide layer by etching and, in this case, the silicon substrate functions 
as an etching stop layer. Therefore, the height of the positioning height reference surface 30 is can be determined with 
very high precision. 

[0136] Transmission loss of the optical waveguide of the hybrid optical integrated circuit was less than 0.1 dB/cm. 
Further, the positioning precision of the semiconductor optical device with the silica-based optical waveguide is about 
1 p.m, and the semiconductor optical de>^ce showed good characteristics even In high-speed modulation at 10 GHz. 
[01371 As described above, the present embodiment has the low-loss optical waveguide function, the optical bench 
function, and the high-frequency electrical wiring function. 

Embodiment 16 

[0138] Fig. 40 is a schematic perspective view showing an optical packaged substrate in a sixteenth embodiment 
of the hybrid optical integrated circuit of the present invention, A difference of the present embodiment from Embodi- 
ment 15 is that in the optical device mounting part II. an in-plane direction positioning guide 79 of the semiconductor 
device is provided, and other construction is the same as Embodiment 15. In the present embodiment, the guide 79 is 
formed on the same material as the optical waveguide 60. that is, silica-based glass. 

[0139] Fig. 41 is a schematic BB' cross sectional view of Fig. 40 when the semiconductor optical device 37 is 
mounted on the substrate 1 of Fig, 40. The guide 79 provided on the substrate 1 is 5\un in height and. corresponding 
to this a 6^m deep positioning groove 80 is provided in the semiconductor optical device 37. Therefore, the positioning 
groove 80 and the guide 79 on the substrate contact with the semiconductor optical device 37 mounted upside down, 
and merely by mounting the optical device on the device mounting part so that the upper surface of the optical device 
contacts the silicon protrusion surface 30. positioning of the optical waveguide with the optical semiconductor device is 
completed without core adjustment. 

Embodiment 17 

[0140] Fig. 42 is a schematic perspective view showing an optical packaged substrate in a seventeenth embodi- 
ment of the hybrid optical integrated circuit of the present invention. A difference of the present embodiment from 
Embodiments 1 5 and 16 is that the optical device 37 held by the sub-carrier is mounted on the optical device mounting 
part II, and other construction is basically the same as Embodiment 1 or 2. 

[0141] Referring to Fig. 42, the solder pattern 52 for the optical device active layer is formed on the central conduc- 
tor pattern 50 of the electrical wiring layer 500 of the optical device mounting part II. and a solder pattern 53 for the sub- 
carrier is formed on the ground conductor pattern 51 . A condition where the optical device held on the sub-carrier 67 is 
mounted on the sutistrateTis shown in Fig. 43, Fig. 43 is a C-C cross sectional view of Fig. 42. In Fig. 43. the sub- 
carrier 67 Is formed of the same material as the substrate 1 , and the optical device 37 is held on the recess 67a. A con- 
ductive layer is formed on the surface of the recess 67a to be conductive to the backside of the optical device 37. The 
protrusion surface 6b of the sub-carrier 67 is in line with the surface (lower surface in Fig. 43) of the optical device 37. 
or set lower than the height of the surface of the optical device 37. Therefore, when the sub-carrier 67 is mounted on 
the device mounting part of the hybrid optical integrated substrate, the optical device 37 surface is contacted with the 
silicon protrusion 30 to complete the height adjustment. The electrode 37a at the active layer 37b side of the optical 
device 37 is electrically connected with the central conductor pattern 50 on the substrate through the solder pattern 52. 
In the present embodiment, the positions of the electrode 37a of the optical device 37 and the solder pattern 52 are 
shifted to the side from directly beneath the optical device active layer 37b. This prevents a stress associated with 
mounting the optical device from acting directly upon the active layer. Further, the electrode (not shown) on the optical 
device backside passes through the conductive layer formed on the recess 67a surface of the sub-camer 67. and is 
connected to the ground conductor pattern 51 on the substrate through the solder pattern 53. Further, the surface of 
the sub-carrier 67 and the silicon protrusion 30 are thermally connected through a thermal conductive matenal 81 to 
complete mounting of the optical device 37 on the substrate. . ^ u 

[0142] In the present embodiment with the above construction, since the optical device backside electrode can be 
taken out from the same surface as the active layer side electrode through the sub-camer 67, wireless surface packag- 
•ing of the optical device Is possible. Therefore, by combining with the substrate structure of the present invention, supe- 
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rior high-frequency characteristics can be provided. Further, as a heat sink of the optcal device a P^^^'f^^J^^j^ 
SLipatIng from the optical device surface to the protrusion of the silicon substrate 1 and a path for heat d.ssipatng to 
the prS^sio^ of the silicon substrate 1 from the optical device backside through the sub-camer are formed, thereby 
providing improved heat dissipation. 



Embodiment 18 



r01431 Fiqs 44A and 44B are schematic views showing an eighteenth embodiment of the opto-electronic iiybrid 
Kited ci cult ofVhe present invention. Fig. 44A being a perspective view, and Fig. 44B 9 a cross-sec^iona v.e««, 
teten on line B-B' of Fig 44A. A difference of the present embodiment from Embodiment 17 .s .n the structure of con- 
SSio^o the sub-carrier 67 for holding the optical functional device with the silicon ter^ce 30. That .s. the adjve layer 
side sCrS-L electrode 37a of the optical functional device 37 is connected and mounted through the conducto ^tt«^ 
51a provided on the dielectric layer 50 and a solder bump 53a which is an electroconductve bonding ^atenaL On he 
othe?Ld, the device backside electrode is connected through the <^^^^^°^P^''^''^°^^l^^^ S 
ttiin film electrode 52 provided on the silicon terrace 30. and a solder bump 53b provided on the electrode 52. 
mZT Tprevious Embodiment 17, when mounting the sub-carrier 67 to the solder bump 53b. the conjludtor pat- 
emconnecting to the sub-carrier 67 is provided on the dielectric layer 60c. Therefore, it is required to coat a them.a 
inducJive material between the sub-can-ier 67 and the silicon terrace 30 in orderto enhance heat dissipation effect of 
"e device, which results in complex packaging process. On the other hand, in the P;-^"*;-''^^^^^^ 
carrier 67 is mounted on the silicon terrace 30 through the solder bump 53b. the soWer bump 53b can also be utilized 
as a thermal conductive material. AS a result, the packaging process can be simplified. 



Embodiment 1 9 



r0145l Figs 45A and 458 are schematic views showing a nineteenth embodiment of the opto-electronic hybrid r^te- 
LrlS clrcun of me present invention. Fig. 45A being a perspective view, and Fig. ^,^'"9 ^1 TSff^^^^^^^^^^^ 
Sken on ine B-B' of Fig. 45A. Differences of the present embodiment from Embodiment 18 are that the packaged sub- 
strate 1 is provided with a guide for directional positioning in plane of the optical functional device 37a and in the sufcn 
Ser hS ?e o^lcal Junctional device, the distance from the outer side surface 67c of the -^^^'^J 
S3e layer 37b is set equal to a distance D from a guide inner wall 60d of the packaged substrate 1 to the ophcal 
wa^gSe core center. With this construction, alignment-free optical device hybrkl integration « possible while using 

;Su6l''"t set the distance from the outer s 

Snctional device 37 to the desired value D. for example, the optical functional device can be mounted on the sub-earn^ 
asThown in Fig. 46. That is. the reference numeral 90a indicates a device holding tool on which surface are Pmvided 
l omeBol fo?setting the sub-carrier at the desired position, and a marker 91 for setting the optical ftinct onal device 
L the destrpoS Therefore, first the optical device 37 is placed on the tool 90a so that the marker 41 formed on 
^?suJS atthe aXe layer side of the optical device 37. with the active layer side surface facing down. « m hn^ 
me markSgi on the tool 90a. and the optical functional device 37 can be mounted on the sub-earner 67 wrth the outer 
clirie surface 67c of the sub-carrier contacted against the guide 90b on the tool 90a. . , ^ . . 

Si4^ A device mounting mmmmmm i^^posmrm^r^^ncesurfac^ro^ on »f« °P^-^<J^^^^^^^ 
terfed directiv aoalnstthe guide surface on the packaged substrate had a problem in view of reliability of the optical 
Jevtee bec^se a fattTc^^^^^^ may be generated in the optical device. On the other hand, in the present embodiment, 
me ol'side^^^^^^ 67cof me sub-ca^ier 67 is contected against the positioning guide 90b, '^-^^^^^^'^^ll^^^: 
ment^^e device mounting wimout contacting the optical functional device side surface against the a^'J^Jhe^^^^^ 
packaging is possible wimout deteriorating me reliability of me device even in device mounting using a guide structure. 

Embodiment 20 

[0148] Fig. 47 is a schematic perspective view showing an optical packaged substrate in a ^antielh embodiment 
of the hybrid optical integrated circuit of the present invention. The present embodiment features that in *e opto^^ 
devU^ mounting part 11. the ground conductor layer 51a is embedded between me reference surface o the sHicon sub- 
srateiran?me unde -cladding layer 60c, and omer subject matters are almost me same as Embodimente 1 5 to 17^ 
^ the instmc^on^^ in the optical device mounting part 11. the under-clad 60c. the electrical winng 50 P™v'ded °" 
Turface the embedded ground conductor 51a form the microstrip like, thereby providing improved h>gh-frequency 
ch^,^;S. Us^ng me microstrip line, me electrical wiring density can be easily enhanced compared to the coplanar 

Jo"l49] ""fL" 48 rat;?mltic cross sectional view along line D-D' in Fig. 47 when me LD array 37 mounted on 
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the hybrid optical integrated substrate shown in Fig. 47. The electrical wiring part 500 is formed on the recess of the 
silicon substrate 1 including the electrode connection part with the optical device. Further, the protrusion surface of the 
silicon substrate 1 is the height reference surface of the LD array, and also functions as a heat sink. 
[01 50] Thus, the present embodiment can Simultaneously provide the low-loss function, the high-frequ ncy electri- 
5 cal wiring function, and the optical bench function. 



Embodiment 21 

[0151] Fig. 49 is a schematic perspective view showing an optical packaged substrate in a twenty-first embodiment 
10 of the hybrid optical integrated circuit of the present invention, showing a construction where the length of the optical 
device is Increased. The optical device 37 is a 15 mm long LiNbOg (LN) waveguide. The present embodiment isfomned 
of the silica-based optical waveguide on the silicon substrate as in other Embodiments, When the optical device length 
is increased as in the present embodiment, longitudinal warping of the substrate and optical device cannot be 
neglected. In the present embodiment, the silicon protrusion is divided into four parts, and the individual parts are pro- 
15 vided close to the optical waveguide so that the silicon protrusion surface 30 functions as a good height reference sur- 
fece even with a warping in the substrate and the LN chip as shown in Fig. 50. Further, the electrical wiring 500 is 
formed as coplanar line on the surface of the silica-based optical waveguide under-cladding layer 60c formed in an area 
between the four-divided silicon protrusion. 

[0152] As a result, as shown in Fig. 50, the silicon protrusion functions as a height reference surface even when 
20 unnegllgible warping exists in the substrate and LN waveguide. Further, the electrical wiring part shows improved high- 
frequency characteristics as in other Embodiments. 

[0153] Construction of the hybrid optical integrated substrate of the present invention has been described above 
with reference to a case of silica-based optical waveguide formed on the silicon substrate, however, the present inven- 
tion can also be applied to other materials. The substrate of the optical waveguide has a sufficient difference in etching 

25 speed to an etchant used in etching to form the device mounting part in the optical waveguide, and a combination of the 
substrate and dielectric optical waveguide can be used so that the substrate functions as an etching stop layer to 
achieve the present invention. When such a combination of the substrate and the dielectric optical waveguide is used, 
the substrate protrusion functions a high precision height reference surface. Further, in view of the high-frequency char- 
acteristics of electrical wiring, it is preferable to use an optical waveguide of a material having a lower dielectric constant 

30 than the substrate material. . 

[0154] Examples of such combination of the substrate and the dielectric optical waveguide, in addition to the silica- 
based optical waveguide/silicon substrate, include silica-based optical waveguide/alumina ceramic substrate, silica- 
based optical waveguide/nitride alumina ceramic substrate, and use of a polymer-based dielectric optical waveguide 
such as polyimide optical waveguide or the like in place of the silica-based optical waveguide. However, when a sub- 

35 strate of poor thermal conductivity such as alumina ceramic is used, it is necessary to provide a heat sink of the optical 
device on a separate substrate as shown in Embodiment 20 (Fig. 46). 

[0155] Further, examples of mounting the optical device have been shown in the above individual embodiments, it 
is of course possible to integrate an optical device driving electronic circuit, or a signal processing electronic circuit in 

addition to the optical device. . • * * 

40 [0156] As described above, in the hybrid optical integrated substrate of the above embodiment, the basic structure 
„: is^^theiJiaecfi^icop^ 



IS inai ine UieiCUUlU Ul^Utyai wcavoywiwiw iw iwi.i.v'M ^ ^ ' — . 

protrusion is used as an optical device mounting part to form an optical waveguide substrate having a terrace, and tne 
electrical wiring layer is formed on the dielectric optical waveguide formed on the recess of the substrate. As a result, 
even when a substrate having a relatively low resistivity (e.g. silicon substrate) is used, or even with a substrate having 
4s a relatively high dielectric constant (e.g. alumina ceramic substrate), the electrical characteristics are not affected by the 
substrate, and improved high-frequency characteristics can be obtained. 

[01571 Further, in the hybrid optical integrated substrate of the present Invention in which the substrate protrusion 
of the optical device mounting part is divided into two or more parts, the dielectric optical waveguide layer is formed in 
the area therebetween, and the electrode pad part for connecting the optical device to the electrical wiring on the sub- 
so strate is provided on the dielectric optical waveguide layer, since all of the electrical wiring part can be formed on the 
dielectric optical waveguide layer, the high-frequency characteristics are remarkably improved and. at the same time, 
the upper surface of the substrate protrusion can be used as a height reference surface for mounting the optical device, 
thereby achieving precision optical device mounting. 



55 Embodiment 22 



[01581 Fig 51 is a schematic perspective view showing construction of an optical packaged substrate In a twenty- 
second embodiment of the hybrid optical integrated circuit of the present invention. In Fig. 21. the reference numeral 1 
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indicates a substrate, la is a substrate recess, and 30 is a substrate protrusion. Tine reference numeral 92 indicates a 
dielectric optical waveguide. 92a is a signal optical waveguide. 92b is a monitor optical waveguide, and 93 and 93a are 
cladding layers. The reference numeral 95 indicates an electrical wiring surface of the optical device mounting part, 95a 
and 95b are a central conductor and a ground conductor as an electrical wiring layer, and 96 Is a fixing matenal. The 
surface of the substrate protrusion functions as a height reference surface of the optical device nnounting part. Further, 
the surface is provided with a monitor thin electrode 97. 

[01591 The optical packaged substrate shown in Fig. 51 uses a silicon substrate as the substrate 1 . and a silica- 
based optical waveguide as the optical waveguide circuit 92. The silicon substrate is provided with protrusion and 
recess of 40jim step. An under-cladding layer comprising a 42jim thicic silica-based glass is provided on the rece^. a 
core of 6 X 6iim. a signal optical waveguide 92a with a refractive index difference D=0.75%. and a monitor optiral 
waveguide 92b are formed on top. The distance between the protrusion of the silicon substrate 1 and the waveguide 
core center is set to 5(im in line with the size of the optical functional device which will be described later. An end of the 
monitor optical waveguide 92b is disposed at a position con^sponding to the height reference surface compnsing the 
protrusion of the silicon substrate 1 , and an end of the signal optical waveguide 92a is disposed at a position corre- 
sponding to the electrical wiring surface 95. A 0.5^im thicl< thin film gold electrode is formed on the height reference sur- 
face 30 There is a 1 0m step between the protrusion surface of the silicon substrate 1 as the height reference surface 
and the electrical wiring surface 95. and the under-dadding layer 93a of 30nni thick silica-based optical waveguide is 
provided under the electrical wiring surface 5. The electrical wirings 95a and 95b are 4njn thick gold plating pattern, and 
a 4u.m thick solder bump is formed as the fixing material at the end. 

[0160] By mounting a desired optical functional device on the optical device mounting part on the optcal packaged 
substrate of the above construction, a hybrid optical integrated circuit as shown in Fig. 52 can be formed. An optical 
functional device 100 in the present embodiment is a semiconductor laser, which has a signal port 100a and a monitor 
port 100b. Arrangement order and pitch of the individual ports correspond to input/output end pitch of tiie optical 
waveguides 92a and 92b of the optical waveguide circuit. When flie optical functional device 100 Is mounted upside 
down on the optical device mounting part, the monitor port 100b of the optical functional device is disposed on tiie 
height reference surface 30 of the protrusion of the silicon substrate 1 . and the signal port 100a is disposed on the elec- 

[016ir""^ng'53fe a schematic cross sectional view taken along line lll-lir In Fig. 52. The active layers 100a and 100b 
of the semiconductor laser 100 are located at positions of 4.5jun from the device surface. On the other hand in the 
hybrid optical integrated substrate, the distance from the surface of tiie tiiin film electrode 97 on the height reference 
surface (silicon protrusion) to the optical waveguide core center is set to 4.5mn. Therefore, by merely mounting the 
semiconductor laser on the height reference surface as shown, positioning in- the height direction of tiie optical 
waveguide and the semiconductor laser can be completed. 

[01 621 To achieve in-pfane direction positioning, positioning must be carried out by monitoring the optical coupling 
efficiency of the semiconductor laser and the optical waveguide. Since the surface elertrode 100c under the optical sig- 
nal port 100a of the semiconductor laser does not contact tiie electrical wiring 95 on the substrate 1 and the solder 
bump 96, core adjustment cannot be performed utilizing the optical signal port 1 00a. However, in the present embodi- 
ment, the monitor optical waveguide 100a and the monitor port lOOn are provided on the hybrid optical mtegra^ed circuit 
and tiie optical functional device, and the surface electrode 1 0Oc under the monitor port 1 00b is contacted with the thin 
film electi-ode 97 on the height reference surface 30, core adjustment utilizing the monitor port is possible. 
[01631 The OTre adjustment can be carried out by functioning tiie semiconductor laser as a light-receiving device. 
That is, monitor light is transmitted in the monitor optical waveguide, tiie liglit-receiving current of the monitor port rela- 
tive to the monitor light is monitored to find a position where the curent is a maximum. 

[0164] Further, as active alignment, it is possible to use a method in which ttie LD 100 is caused to emit light, and 
a position where the optical output from tiie monitor optical waveguide is a maximum. 

[0165] Then, as shown in Fig. 54. after core adjustment, by heating to reflow the solder bump 96. since tiie solder 
bump contacts the signal port upper electrode 100c of the semiconductor laser, electrical connection and device fixing 
between the semiconductor laser and the hybrid optical integrated substrate can be achieved. In this case, the contort 
position between the solder and tiie optical functional device is set slightiy shifted from immediately beneath the port 
(active layer), thereby preventing a stress associated with solidification shrinkage of solderfrom directly acting upon the 

optical signal port of the optical functional device. n «; 

[0166] Excessive coupling loss by position deviation in the hybrid optical integrated circuit was less tiian 0.5 dB. 
This indicates that in the hybrid optical integrated circuit of the present embodiment. LD surface packaging can be 
achieved with a precision within This becomes possible first by using tiie silicon protrusion surface as tiie height 
reference surface, and secondly by active alignment for in-plane direction positioning. ^. » . 

[01 67] As described above, in the present embodiment, it is possible to make active alignment for core adjustment 
n in-plane direction while functioning «ie optical functional device, and optical device rnounting by solder bump. There- 
fore compared with prior art device mounting by passive alignment, optical device hybnd integration can be achieved 
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with higher precision, and problems of reduction in mounting strength and large stress to the optical functional device 
due to the use of thin film solder, vAxidn was a problem in prior art active alignment, can be solved, 
[0168] Further, the present embodiment uses a highly heat conductive silicon substrate, protrusion and recess are 
provided thereon, and the protrusion is used as a height reference surface for optical functional device mounting. With 
this construction, heat evolution of the optical functional device can be efficiently dissipated through the silicon protru- 



sion. 



[0169] In the present embodiment, the electrical wiring surfece of the optical device mounting part is provided on 
the silica-based optical waveguide cladding layer with a sufficient thickness. With such a construction, a hybrid optical 
integrated circuit with superior high-frequency characteristics can be achieved. That is. in the prior art as shown in Fig. 
10 1 in general electrical wiring is formed directly on the silicon substrate, or on a very thin oxide film having a thicltness 
of about 0 dim. However, such a prior art construction had a problem in that the high-frequency charactenstics of the 
electrical wiring part are considerably deteriorated by an influence of the silicon substrate as a semiconductor. In the 
present embodiment, this problem is solved by providing a dielectric layer of a sufficient thickness between the silicon 
substrate and the electrical wiring surface. In practice, it was confirmed that the electrical wiring part in the hybnd optical 
IS integrated circuit of the present embodiment had a band of at»out 10 GHz. 

Embodiment 23 

[0170] Fig 55 is a schematic perspective view showing construction of a twenty-third embodiment of the hybrid 
20 optical integrated circuit of the present invention. The present embodiment features that, unlike Embodiment 22. in addi- 
tion to the height reference surface for optical functional device, a protrusion is provided on the silicon substrate 1 as 
the optical device mounting part, an electronic circuit mounting surface 98 is provided on the silicon protrusion, and not 
only the electrical wiring for optical functional device but also electrical wiring for the electronic circuit are provided on 
the electrical wiring surface 98. Other components are similar to Embodiment 22. Similar components as those used in 
25 Embodiment 22 are indicated by similar reference symbols, and detailed description thereof is omitted. 

[0171] With this construction, similar effects to those obtained in Embodiment 22 can be provided and. in addition, 
since the silicon substrate protrusion is also used as the electronic circuit mounting surface 98, heat evolution of the 
electronic circuit mounted thereon can be efficiently dissipated. That is. the optical packaged substrate used in the 
hybrid optical integrated circuit of the present invention can provide functions as an opto-electronic hybnd packaged 
30 substrate. 

Embodiment 24 

[01 72] In previous Embodiment 22. the silicon substrate having protaision and recess is used as the substrate, and 
35 the silica-based optical waveguide as the dielectric optical waveguide. However, to achieve both optical functonal 
device positioning by active alignment, which is the object of the present invention, and device mounting by a thick film 
solder such as solder bump, other combinations than the material system can naturally be used. Such combinaton 

examples are shown below. w *• i 

[01 73] First it is needless to say that the optical waveguide in Embodiment 22 is not limited to a silica-based optical 
40 waveguide. For example, when a polymei-based optical waveguide such as polyimide waveguide is used, all of the 
effects as obtained in Embodiment 22 can be provided. 

[0174] Secondly, the substrate in Embodiment 22 can also be other than silicon substrate. For example, a ceramic 
substrate such as alumina substrate, which is proven as a packaged substrate of electronic circuit, provided on the sur- 
face with protrusion and recess can also be used. Further, for the optical waveguide in this case, a silica-based optral 

45 waveguide, a polymer-based waveguide, and other materials can be used. When an alumina substrate 's used as the 
substrate the heat dissipation effect is inferior to Embodiment 22. but other functions are almost similar to Embodimen 
22. Especially. It is sometimes superior to Embodiment 22 in terms of the high-frequency characteristics of the electrical 
wiring and expandability of wiring size. ^ ^ *u ^^^^.a in^taaH 

[0175] Thirdly Embodiment 22 uses a substrate having protrusion and recess formed on the surface but. msteaa, 

so it is of course possible to use a substrate having a flat surface. Fig. 56 is a perspective view showing a substrate struc- 
ture as an exampte of this configuration, in which an alumina substrate having a flat surface and a silica-based optoca 
waveguide are used. The height reference surface 30 of the optical device mounting part can be formed of an optical 
waveguide cladding layer. 

r0176] In this case, height precision between the height reference surface 30 and the center of the optical 
55 waveguide cores 92a and 92b may be inferior to Embodiment 22. Furtiier. when a ceramic substrate is used as the sub- 

sti-ate, the heat dissipation effect may also be deteriorated. 

r01771 However, also in the present embodiment, both the active alignment and thick film solder mounting, which 
are the object of the present invention, can be simultaneously achieved. Further, It Is of course possible to use a silicon 
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substrate as the flat- surface substrate. A silica substrate can also be used as the substrate. 

[01781 Fourthly, Embodiment 22 shows an example of "embedded structured optical waveguide" in which tJie opti- 
cal waveguide core is embedded in the cladding layer having a sufficient thickness, but configuration of the optical 
waveguide is not limited to this. For example, as in Fig. 4 showing the prior art, the present embodiment can also be 
applied to a "ridge type optical waveguide" in which the core is exposed, or coated with a thin cladding layer. 
[0179] Fifthly, other materials than the dielectric material can be used as the optical waveguide to achieve the mam 
object of the present invention. Such materials include a silicon waveguide. 

[0180] Further, Embodiment 22 uses solder bump as the fixing material 96 to achieve electrical connection and fix- 
ing between the optical signal port of the optical functional device and the electrical wiring on the optical waveguide cir- 
cuit Instead it is also possible to use such materials as electroconductive bonding materials or conductive rubber. In 
this case, as In Embodiment 22. application of a stress associated with device mounting to the optical signal port can 
be prevented. 

Embodiment 25 

[0181] Rg 57 is a schematic plan view showing a twenty-fifth embodiment of the hybrid optical integrated circuit of 
the present invention. Fig. 58 is a schematic enlarged perspective view showing part of Fig. 57. The signal optical 
waveguide 92a of the optical waveguide circuit comprises an input/output waveguide part I/O. a round waveguide part 
R and a directional coupler C for optical coupling between both waveguides, forming a "ring resonance circuif as a 
whole A semiconductor amplifier as the optical functional device 100 is mounted in the course of the round waveguide 
part R. the signal port 100a of this device and the signal optical waveguide are optically coupled. The hybrid optical inte- 
grated circuit functions as a "ring laser" as a whole. k-- 
[0182] Since the ring resonance circuit of the present embodiment has a sharp optical frequency selectivity, when 
the semiconductor optical amplifier 1 00 is attempted to be integrated in the optical waveguide by active alignment using 
the signal optical waveguide and the signal port, usable optical frequency of monitor light is limited. To greatly relax lim- 
itation of the monitor light frequency, the present embodiment provides the monitor optical waveguide 92b and the mon- 
itor port 100b individually in the optical waveguide circuit and the semiconductor optical amplifier, and core adjustment 
is made using these devices. That is. the monitor optical waveguide 92b is disposed outside the round waveguide R of 
the optical waveguide circuit, and the monitor port 100b is disposed in juxtaposition with the signal port 100a of the 
semiconductor amplifier. Therefore, in mounting the semiconductor amplifier, since the monitor optical waveguide with 
no wavelength selectivity can be used, limitation to the monitor light frequency is remarkably relaxed. 
[0183] In particular, referring to the optical device mounting part structure of the optical waveguide shown in Fig. 
58 when the height reference surface 10 and the lower electrical wiring suri'ace 95 are formed in two layers, as 
d^cribed in detail in Embodiment 22. low stress device mounting Is possible using thick film solder or an electrocon- 
ductive bonding material. 

Embodiment 26 

[01841 Fig 59 is a schematic plan view showing construction of a twerity-sixth embodiment of the hybrid integrated 
circuit of the present invention. The present embodiment features that a plurality of optical functional devices arranged 
In series are mounted in the optical waveguide circuit. In Fig. 59, the reference numeral 100 is an LID-array as a first 
' optical functional device, and 101 Is a semiconductor modulator array as a second optical functional device. This is a 
construction where a Mach-Zehnder interference circuit type strength modulation circuit is arrayed. In this optcal 
waveguide circuit, the optical signal output from the LD array 100 is transmitted in a first signal optical waveguide array 
220a, modulated by the modulator array 101 , and transmitted through a second signal optical waveguide array 221a to 

the substrate surface. j , * j, ...ui/.^ tho 

[0185] This hybrid optical integrated circuit functions as an "LD module with an external modulator" in which the 

optical output from the LD is modulated by the modulator an-ay. 

[0186] In this construction, the signal optical waveguide is divided into sections to mount the second optical func- 
tional device 101. and active alignment Is difficult using the waveguide. Further, when the signal port of the modulator 
array 101 does not pass light when unenergized. core adjustment is difficult using the signal optical waveguide 221a. 
[0187] Then in the present embodiment, a monitor optical waveguide 220b connecting the first optical functional 
device 100 and an end of the optical waveguide circuit substrate, and a monitor optical waveguide 221b connecting the 
second optical functional device 101 and the substrate end are provided on the optical waveguide circuit. 
[0188] On the other hand, a monitor port 100b is provided on the LD 100. and the port 100b functions as a semi- 
conductor laser as the signal port 100a. A port that functions as a semiconductor laser ^^o furjcb^ f ^ 'Sj 
receiving device. A monitor port 101b is provided in the modulator array 101. and the port 101b functions as a light 
receiving device. 
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[0189] In the present embodiment, the optical device mounting part has the same structure as in Embodiment 22. 
[0190] Figs. 60A and 60B are cross sectional views of the circuit shown in Fig. 59. Fig. 60A is a cross sectional view 
taken along line Xa-Xa' showing LD mounting configuration, and Fig. 60B is a cross sectional view taken along line Xb- 
Xb' showing modulation array mounting configuration. 

[0191] With this construction, it is possible that monitor light is input to the monitor optical waveguide 220b. and the 
light receiving cun-ent is monitored to achieve active alignment of the LD 1 00. Quite similarly, alignment of the modulator 
array 1 01 is achieved using the monitor optical waveguide 221b. 

[0192] Further, since the arrangement of the monitor optical waveguide in the present embodiment is on the 
assumption that the monitor port of the optical functional device has a light receiving function, the application is limited 
to semiconductor devices. 

Embodiment 27 

[0193] Fig. 61 is a schematic plan view showing construction of a twenty-seventh embodiment of the hybrid optical 
integrated circuit of the present invention. The present embodiment features that, unlike Embodiment 26 shown in Fig. 
59. the second optical functional device, that is, the monitor optical waveguide 221b to the modulator array 101 is con- 
nected with the first optical functional device, that is, between the LD 100 and the modulator array 101. Since other 
components are the same as in Embodiment 26. similar components are indicated by similar reference numerals, and 
detailed description thereof is omitted. That is, the monitor optical waveguide 221b to the modulator 101 is combined 
with the monitor optical waveguide 220b immediately before the LD 1 00, and connected to the monitor port 1 00b of the 
LD 40. 

[0194] With this construction, optical device mounting is possible using the following procedure. First, active align- 
ment is made using the monitor optical waveguide 220b. In this case, the LD may be caused to emit light, or the light 
receiving function may be used. After the completion of device mounting, alignrnent of the modulator an^y 101 Is made^ 
using the monitor optical waveguide 221b. In this case, with the LD monitor port 100b caused to emit light, the monitor^ 
port 101 is functioned as a light receiving device, and the light receiving current Is monitored. 

[0195] The features of this method are that, in alignment of the first optical functional device the optical fiber Is con- 
nected to the monitor optical waveguide, and the monitor light must be input or output. However, since the monitor opti- 
cal waveguide for connecting the optical functional devices each other is provided, fiber connection is needless in 
alignment of the second optical functional device, thereby simplifying the alignment work. 

Embodiment 28 

[0196] Fig. 62 is a schematic plan view of a twenty-eighth embodiment of the hybrid optical integrated circuit of the 
present Invention, Figs, 63A and 63B are plan views for explaining the alignment method of the optical functional device 
to be mounted on the circuit shown in Fig. 62, in which Fig. 63A shows core adjustment and mounting of the LD anray. 
and Fig. 63B shows core adjustment and mounting of the modulator array 

[0197] The present embodiment features that, unlike Embodiment 27. as the monitor optical waveguide to modula- 
tor 1 01 , in addition to the waveguide connecting to the LD. a waveguide connecting to the end of the optical waveguide 

circuit substrate Is also provided. 

[0198] With this construction^ means for rnoriitbnhg dllpmiht t^^ 1 01 is increased and, as a*result;- 

allgnment is also possitiie to the optical functional device comprising a material other than semiconductor devices. The 
alignment procedure with the construction is described below. 

[0199] Alignment of the optical integrated circuit of this construction will be described with reference to Figs. 63A 
and 63B. First, monitor light is transmitted to the monitor optical waveguide 220b. while monitoring optical coupling with 
the monitor port 100b of the LD array 100, alignment of the signal optical waveguide 220a and the optical signal port 
100a is made, and the LD array 100 is fixed. Then, core adjustment and fixing of the modulator array may be made 
using the monitor optical waveguide 221b and the monitor port 101b. As a monitoring method In this case, the monitor 
port 101b is used as a passive waveguide, monitor light incident to the monitor optical waveguide 221b Is transmitted 
to the monitor port 101b and. finally. Incident to the monitor port 100b of the LD 100. At this time, the monitor port 100b 
of the LD 100 may be functioned as a light receiving device to fine a position where the light receiving cunrent is a max- 
imum. Further, the light transmission direction is reversed, the monitor port 100b of the LD 100 is caused to emit light, 
and the output light from the monitor waveguide 221 b at this time may be monitored. 

[0200] Since the monitor port of the modulator array is used as a passive waveguide, this method can be applied 
of course when tiie optical functional device 101 is formed of a semiconductor material as in the present embodiment, 
and even when an optical device otiierttian semiconductor, for example, electrooptical crystals such as LiNbOa or mag- 

netooptical crystals are used. * , ^. i 

[0201] As described above, in ttie present embodiment, in hybrid integration of a plurality of optical functional 
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devices^ since monitor opticai waveguides are provided corresponding to the individual devices, and it is possible to 
mount a plurality of devices In series in the optical waveguide circuit. 

Embodiment 29 

5 

[0202] Fig. 64 is a schematic plan view showing a twenty-ninth embodiment of the hybrid opticai integrated circuit 
of the present invention. The present embodiment features that as the monitor optica! waveguide of the optical 
waveguide circuit or the monitor port of the optical functional device, a plurality of monitor waveguides 92b and 92c or 
monitor ports 100b and 100c are provided. 

10 [0203] As shown in Fig. 64, the monitor ports 100b and 100c of the optical functional device are formed with the 
same width, the width of the monitor optical waveguide 92b of the optical waveguide circuit is set equal to the signal 
optical waveguide 92a, and the monitor optical waveguide 92c is wider in waveguide width than 92b. 
[0204] With this construction, after rough core adjustment using the monitor optical waveguide 92c and the monitor 
port 100c, fine adjustment is possible using the monitor optical waveguide 92b and the monitor port 100b, By such two- 

15 step core adjustment, it is possible to reduce the time required for active alignment. 

Embodiment 30 

[0205] Fig. 65 is a schematic plan view showing a thirtieth embodiment of the hybrid optical integrated circuit of the 
20 present invention. The present embodiment features that, contrary to previous Embodiment 29, the monitor port of the 
optical functional device is set equal in width to the signal port to set the monitor port 100c wider than the signal port. 
[0206] With this construction, it is also possible to reduce the time required for active alignment by two-step core 
adjustment of rough adjustment - fine adjustment. 

[0207] As described above, in the hybrid optical integrated circuit of the present embodiment, the monitor optical 
25 waveguide is provided in the optical waveguide circuit along with the signal optical waveguide, the optical functional 
device is provided with the signal port and the monitor port con-esponding to the waveguide arrangement of the optical 
waveguide circuit, the monitor optical waveguide of the optical waveguide circuit and the monitor port of the optical func- 
tional device are optically coupled and, at the same time, the signal optical waveguide and the signal port are optically 
coupled, and the optical functional device can be disposed on the optical device mounting part on the optical waveguide 
30 circuit. Therefore, the signal optical waveguide part has wavelength selectivity/optical frequency selectivity and the like, 
or the signal port of the optical functional device has various functions, even when active alignment using the signal 
optical waveguide and the signal port is difficult, active alignment Is possible using the monitor optical waveguide and 
the monitor port, 

[0208] Further, since the optical device mounting part Is provided with the height reference surface formed with a 
35 thin film electrode on the surface and the electrical wiring surface which has a lower height. The height reference sur- 
face Is disposed at a position corresponding to the monitor optical waveguide, and the electrical wiring surface is dis- 
posed at a position corresponding to the signal optical waveguide, in mounting the optical functional device on the 
substrate, it is possible to make active alignment of the optical functional device with the optical waveguide, and device 
mounting using thick film solder such as solder bump. Therefore, since high positioning precision . of the optical 
40 waveguide with the optical functional device is achieved, and the upper surface of the signal port of the optical functional 
device does n^ cdiitact direStiy with the substrate, application of a stress assdciatisd with device mounting to the signal 
port is prevented. 

[0209] Further, when a substrate with protrusion and recess is used as the substrate, and a dielectric optical 
waveguide is used as the optical waveguide circuit, height setting precision of the height reference surface of the optical 

45 device mounting part is remarkably improved, and the high-frequency characteristics are remarkably improved. 

[0210] When a silicon substrate having an excellent thermal conductivity is used as the substrate above, heat dis- 
sipation for the optical functional device Is remarkably improved, in addition to the advantage above. 
[0211] Further, when the monitor optical waveguide on the optical waveguide circuit is arranged at a position 
between the optical functional devices, if desired, in addition to a position between the optical functional device and the 

50 optical waveguide circuit, it is possible to mount a plurality of optical functional devices in the optical waveguide, the 
devices being in line. It is also possible to form a hybrid integrated circuit including optical functional devices which are 
many kinds of materials including semi-conductive materials, of course. 

Embodiment 31 

55 

[0212] Figs. 66 and 67 show construction of a first embodiment of optical sub-module which can be mounted on the 
hybrid optical integrated circuit of the present invention, in which Fig. 66 is a schematic perspective view showing con- 
struction of an optical device 301 and a cannier 302 which are components of the optical sub-module of the present 
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embodiment, and Fig. 67 is a cross sectional view taken along line AA' In Fig. 66. 

[0213] The optical device 301 is an arrayed semiconductor optical amplifier. 31 1 is its active layer, the active layer 

311 has four arrays formed at 4001 intervals, and the active layers 31 1 are separated from an optical device surface 

312 by 6\Lm. An active layer side electrode on the active layer 313a is formed on each active layer 31 1. and a ground 
5 side electrode 313b is formed on the backside reverse to the optical device surface 312. 314 is an optical device height 

reference surface, which is provided at a position 3jim towards the backside from the active layer 31 1 . that is. 9jim lower 
than the optical device surface 312. 315 is a lateral direction refisrence surface of the optical device, which Is formed 
perpendicular to the optical device surface 312 and the optical device height reference surface 314. The position of the 
reference surface 31 5 is 400MJn away from both ends of the outside active layer 31 1 of the four active layers 31 1 . In the 
10 present embodiment, the optical device lateral direction reference surfaces 31 5 are provided on the right and left sides, 
but its function can be sufficiently achieved by only one side. 

[0214] The earner is formed by providing three steps on the surface of the silicon substrate as shown In Fig. 66. A 
carrier protrusion 321 is an "optical device holding surface 321 a" for holding the optical device height reference surface 
314 of the optical device 301 , which also functions as a "carrier height reference surface 321 b" which is a reference sur- 
15 face when mounting on the packaged substrate. That is, in general cases, "the optical device holding surface" and "the 
carrier height reference surface" are separately formed as surface of different heights, however, they are the same sur- 
face In the present embodiment. A region 325 surrounded by the carrier protrusion 321 is formed by providing a 15M.m 
step from the carrier protrusion 321 . A earner electric wiring 324 comprising a 2^m thick gold is formed on the surface 
of the region 325. A solder pattern 326 is provided at the tip. The region 325 serves the function of an electrode lead of 
20 the active layer side electrode 313a of the optical device 301 . A peripheral region 323 is fbmned by providing a 40nrn 
step from the earner protrusion 321 . and the earner electrical wiring 324 is continuously formed also on Its surfiace. This 
region 323 serves electrical connection with the optical packaged substrate side electrical wiring. 
[021 5] The carrier 302 having multiple steps of the present embodiment was fbmned by repeating anisotropic etch- 
ing of the silicon substrate. That is, the protrusion 321 of the silicon substrate was first formed, and then the step of the 
25 region 325 was formed. When the steps are formed by anisotropic etching, the side surfaces between the steps are not 
vertical, but an angle of about 55= can be formed between steps of the region 325 and the region 323 without cutting 
the electrical wiring 324. _ x- i u i 

[0216] Fig 17 is a schematic cross sectional view taken along line AA' in Fig. 66 showing an optical sub-module 
when the semiconductor amplifier 301 is mounted on tiie carrier 302. The optical device height reference surface 314 
of the semiconductor amplifier 301 is contacted witti the can-ier holding surface 321 of the earner 302. In this condition, 
the optical device active layer side electrode 313a and the canier electrical wiring 324 provided on the earner region 
325 are connected by heating the can-ier 302 to reflow solder 326. Since the steps between tiie individual earner 
regions and the step between the optical device height reference surface and the active layer are set as above, tiie 
active layer Is positioned 3^m above tiie canrier height reference surfiace (carrier holding surface) 321 b. 
[0217] With the optical device formed as an optical sub-module, it is easy to previously cheek tiie characteristics of 
the optical device. That is. since the optical device active layer side electrode 312a is already connected to the earner 
electaical wiring 324, checking can be canier out without contacting directiy vnVn the optical device surfiace. 



30 



35 



40 



45 



Embodiment 32 

[0218] Fig. 68 is a ^cheiriStic cross sectional view showing a second embodiment of an optical sub-module which 
can be mounted on the hybrid optical integrated circuit of ttie present invention. 

[021 9] In the optical sub-module of the present invention, the distance between tiie active layer of tiie optical device 
and the canier reference surface can always be unified to a value even when using optical devices of different sizes. In 
previous Embodiment 31, the step was 3^m between the optical device height reference surface 314 and the active 
layer 311 but suppose a case when mounting an optical device where the step is 5Mjn. In this case, as shown in Fig. 
68. a 2(UT) step can be provided between Oie optical device holding surface 321a of the carrier 302 and the earner 
height reference surfiace 321b. 

50 Embodiment 33 

[0220] Fig 69 is a schematic cross sectional view showing a tiiird embodiment of an optical sub-module which can 
be mounted on the hybrid optical integrated circuit of the present invention. Even when the opft-cal device surface 312 
at a 6nm height from Uie active layer 31 1 is used as the optical device height reference surface 314. as shown in Fig. 
55 69. the optical device height reference surface 314 of ttie canier 302 can be set 9nm higher than the carrier height ref- 

erence surface 321a. ^ jau • 

[0221] By setting the size as in Embodiment 31 or 32. the step between the carrier height reference surface and the 
active layer can be set to 3iim as in Embodiment 31 shown in Fig. 67. 
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Embodiment 34 

[0222] Fig. 70 is a schematic exploded perspective view showing construction of a thirty-fourth embodiment of the 
hybrid optical integrated circuit using the optical sub-module of Embodiment 31 shown In Figs. 66 and 67. The refer- 
5 ence numeral 304 indicates an optical packaged substrate, in which an optical waveguide part 342, an electrical wiring 

346 as a substrate electrical wiring, and an optical device mounting part 348 are formed on a silicon substrate 341 with 
a step. 

[0223] The optical waveguide part 342 is formed on the silicon substrate recess, which Is a three-layered embed- 
ded type silica-based optical waveguide having an under-clad 342a (30p.m thick), a core 342b (6^m thick x 6p.m wide), 

10 and an over-clad 342c (30{xm thick). 

[0224] The substrate electrical wiring 346 Is formed on the surface of the over-clad 342c, which uses a coplanar 
structure comprising a central conductor 346a and a ground conductor 346b so that high-frequency operation is possi- 
ble. These wirings by depositing and patterning gold (Bjiim thick) after the over-clad is formed. This wiring layer has a 
sufficient thickness (66|xm) and is formed on silica glass having a small dielectric constant, and thus has good electrical 

15 characteristics. Further, at the tip of the central conductor 346a in the substrate electrical wiring 346, a solder pattern 
327 is deposited and patterned for electrical connection with the optical sub-module. 

[0225] The optical device mounting part 342 is formed in a region including the silicon protrusion 343. Height of the 
silicon protrusion 343 surface is in line with the height of the upper surface of the optical waveguide under-clad 342a, 
which functions as a height reference surface (hereinafter referred to as substrate height reference surface 343) when 

20 mounting the optical sub-module. That is, height from the substrate height reference surface 343 to the center of the 
optical waveguide core 342b Is 3^m, which is equal to the height from the carrier height reference surface 321b to the 
active layer 31 1 of the optical sub-module in Embodiment 31 . silicon recess region other than the substrate height ref- 
erence surface 343 is an optical device inserting groove 349, which has a depth of about llOpm from the substrate 
height reference surface 343. On the bottom surface of the groove 349, the ground electrical wiring layer 347 comprls- 

25 ing 2\JLm thick gold is formed simultaneously with the substrate electrical wiring 346 on the over-clad 342c. Since the 
ground electrical wiring layer 347 does not require fine patterning, it can be easily formed on such a deep groove bot- 
tom. A wiring take-out part 349a is provided at an end of the groove 349 bottom, and the ground electrical wiring layer 

347 and the ground conductor 346b of the optical packaged substrate 304 are connected with a lead 345. 

[0226] Since in the optical packaged substrate 304 of the present embodiment, the substrate electrical wiring for 
30 taking out the electrode 31 3a of the optical device active layer 311 side can be formed on the optical waveguide surface, 
even when the arrayed optical device 301 Is inserted in the course of the optical waveguide as above, a relatively fine 
electrical wiring pattern can be easily formed. In mounting in the prior art optical device upside down configuration, the 
substrate electrical wiring must be formed on the bottom surface of the stepped substrate, which was difficult. 
[0227] Then, the process for fabricating a hybrid optical integrated circuit by mounting the optical sub-module 
35 including the optical device 301 and the cannier 302 on the optical packaged substrate 304 will be described with refer- 
ence to Figs. 70, 71 , and 72. Fig. 71 is a cross sectional view taken along line BB' of Fig. 70, and Fig. 72 is a cross 
sectional view taken along line CC* of Fig. 70. 

[0228] Referring to Figs. 70 and 71 , by contacting the carrier height reference surface 321 of the optical sub-module 
with the substrate height reference surface 343 of the optical packaged substrate, positioning in the height direction of 

40 the optical device active layer 31 1 with the optical waveguide core 342b can be completed. In the present embodiment, 
33 to the lateral direction (plihe "dir^'ctidff o^ sub^tr^te 3nd the direction perpendicular to the. optical 

waveguide), an optimum position was set while monitoring optical coupling rate of the optical waveguide with the optical 
device. After the completion of positioning, an electroconductive bonding material was dropped on the bottom surface 
of the optical device inserting groove 349 of the optical packaged substrate to fix the optical sub-module and the optical 

45 packaged substrate. 

[0229] Finally, as shown in Fig. 72, solder 327 provided at the end of the substrate electrical wiring on the optical 
packaged substrate is reflowed to achieve electrical connection of the electrical wiring of the optical sub-module and 
the electrical wiring of the substrate 304, thus completing fabrication of the hybrid optical Integrated circuit. 
[0230] In the present embodiment, reflow of solder is made by heating the entire substrate but, alternatively, this is 

50 also possible by locally heating the connection. 

[0231] In the prior art optical device upside down packaging configuration, optical device mounting and electrical 
wiring must be in the process at a time. However, in the packaging process of the present embodiment, the core adjust- 
ment process of the optical sub-module with the optical packaged substrate, and the electrical wiring process of both 
can be separated from each other as described above. 

55 [0232] Further, for an optical device having a number of electrical wiring terminals, in the prior art method, electri- 
cally unconnected terminals tend to occur, leading to a reduced yield. On the other hand, with the present invention, 
electrical wiring can be made after fixing the optical device, and the hybrid optical integrated circuit can be fabricated 
with an optical device having a number of electrical wiring terminals. 
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[0233] Further, with the optical sub-module and the hybrid optical integrated circuit of the present invention, the size 
in the height direction is not required to be changed even with an optical deice having a different size in the height direc- 
tion. By appropriately setting the height between the individual reference surfaces of the optical sub-module as shown 
in Figs. 67 and 68. and setting the height between the can-ier reference surfaces 321, 321a. and 321b and the optical 
device active layer 311 , the optical packaged substrate of the present embodiment can be applied to any type of optical 
device. 

[0234] As described above, with the present invention, difficulties in 1 ) mounting multiple devices of multiple types, 
2) electrical wiring formation on the substrate, and 3) previous inspection of the optical device, which have been prob- 
lems with the prior art hybrid optical integrated circuit of upside down configuration, can be simultaneously eliminated. 



Embodiment 35 

[0235] Fig. 73 is a schematic perspective view showing construction of a fourth embodiment of optical sub-module 
which can be mounted on a thirty-fifth embodiment of the hybrid optical integrated circuit of the present invention. Dif- 
ferences of the present embodiment from the optical sub-module of Embodiment 31 are that the positioning reference 
surfaceJn the lateral direction is provided, and that a step between the region 325 and the region 323 is removed. 
[0236] As shown in Fig. 73, the optical device 301 an arrayed semiconductor optical amplifier which is the same as 
in Embodiment 31. and various dimensions are the same. In the carrier 302, as in Embodiment 31 , the optical device 
holding surface 321a and the carrier height reference suriace 321b are formed on the same surface with no step, and 
an optical device mounting lateral direction reference surface 322a for positioning In the lateral direction of the optical 
device is formed on the Inside surface of the optical device holding surface 321a. In mounting the optical device 301 on 
the can-ier 302. the optical device height reference surface 314 is contacted with the optical device holding surface 
322a and the optical device lateral direction reference suriiace 315 is contacted with the optical device mounting lateral 
direction reference surface 322a, thereby determining a relative position between the canrier 302 and the optical device 
301 . A can-ier lateral direction reference surface 322b is formed on the outer side surface of the carrier height reference 
suriace 321b of the carrier 302. and the carrier lateral direction reference surface 322b and the optical device mounting 
direction reference suriace 322a are separated by 300pjn. The structure and sizes of the earner 302 other than the 
above are the same as in Embodiment 31 . Therefore, when the optical device 301 is mounted on the carrier 302, dis- 
tances between the optical device active layer 31 1 and the carrier height reference surtiaoe 321 b and the earner lateral 
direction reference suriiace 322b are 3]im and 700nm, respectively. 

Embodiment 36 

[0237] Fig. 74 is a schematic cross sectional view showing construction of a thirty-sixth embodiment of the hybrid 
optical integrated circuit of the present invention. The present embodiment is characterized in that the optical sub-mod- 
ule of Embodiment 35 is Included. . . 4. 
[0238] The optical packaged substrate mounting the optical sub-module of Embodiment 35 is the same in structure 
as shown in Fig. 70. However, in the present embodiment, distance from the optical waveguide core center to a device 
mounting groove side wall 348b is set to 700nm. Other sizes are the same as in Embodiment 34. 
[0239] In the present embodiment, in mounting the optical sub-module, as shown in Fig. 74, positioning of the opii- 
cal device active layer 31 1 with the optical waveguide core 342b is completed by contacting the carrier height reference 
surface 321b of the optical sub-module with the substrate height reference surface 343 of the optical packaged sub- 
strate and contacting the carrier mounting lateral direction reference suriiace 322b with the device mounting groove 
side wall 348b; After that, the hybrid optical integrated circuit can be fabricated thnaugh the same process as Embodi- 
ment 34 shown In Figs. 70 to 72. j «. i * i 
[0240] Even with diferent size of the optical device, when the individual height reference suriiace and the lateral 
direction reference suriace provided on the earner are appropriately selected, distances between the optical device 
active layer 31 1 and the carrier height reference surface 321b and the earner mounting lateral direction reference sur- 
face 322a can always be set to 3fim and 700nm, respectively. Therefore, with the present embodiment, even when the 
size of the optical device is changed, the hybrid optical Integrated circuit can be formed without changing the size of the 
optical device mounting part of the optical packaged substrate. In addition, various effects obtained in the above indi- 
vidual embodiments can be achieved by the present embodiment as well. 

Embodiment 37 

[0241] Fig 75 is a schematic exploded perspective view showing construction of a fifth embodiment of an optical 
sub-module which can be mounted on a thirty-seventh embodiment of the hybrid optical Integrated circuit of the present 
invention, in the present embodiment, a transparent silica glass is used as a material of the carrier 302. Compared with 
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the carrier of Embodiment 31 , structural differences are that an optical device positioning marker 210 and a canier posi- 
tioning marker 230 are provided respectively on the optical device holding part 321a and the peripheral region 323. Fur- 
ther, the optical device electrode take-out region 325 and the peripheral region 323 are set at the same height. Other 
construction is the same as the can-ier structure of the optical sub-module of Embodiment 33 shown in Fig. 69. The^ 
5 active layer side surface 312 of the optical device 301 is set to the optical device height reference surface 314. and on 
which a marker (not shown) cpn^esponding to the optical device positioning marker 210 is formed. 
[0242] Since, in the present embodiment, transparent silica glass is used as the earner, on mounting the optical 
device 301 on the carrier 302, the markers formed on the optical device and the carrier can be observed through the 
transparent carrier. Then, the optical device height reference surface 314 and the earner holding surface 321a are con- 
to tacted, and the optical device is mounted so that the marker formed on the optical device is In line with the optical device 
positioning marker provided on the carrier, thereby achieving exact positioning In both the height direction and the lat- 
eral direction. 

[0243] Further, in the present embodiment, since the electrical wiring 324 is a coplanar wiring, and formed on the 
surface of silica glass with a small dielectric constant, much superior high-frequency characteristics can be obtained 
15 compared to Embodiment 36 using the silicon substrate as the canier 302. 

Embodiment 38 

[0244] Fig. 76 is a schematic exploded perspective view showing construction of a thirty-eighth embodiment of the 
20 hybrid optical integrated circuit of the present invention. The present embodiment features that the optical sub-module 
of Embodiment 37 shown in Fig. 75 Is mounted on the optical packaged substrate 304. Except for a substrate marker 
410 provided on the over-clad of the optical waveguide 302, other construction is almost the same as Embodiment 34 
shown in Fig. 70. When the optical sub-module is mounted on the substrate, the substrate marker 410 can be set In line 
with the carrier positioning marker 230. and the carrier height reference surface and the substrate height reiierence are 
25 contacted and fixed, 

[0245] In the silica glass canrier of the present embodiment, the thermal conductivity is much inferior compared with 
the silicon carrier of Embodiments 31 and 32. However, when mounting on the optical packaged substrate of Fig. 76. 
there is no problem because the optical packaged substrate itself functions as a heat sink. 



30 Embodiment 39 

[0246] Fig. 77 is a schematic perspective view showing construction of a sixth embodiment of an optical sub-mod- 
ule which can be mounted on a thirty-ninth embodiment of the hybrid optical integrated circuit of the present invention. 
In the present embodiment, the earner 302 is constructed using a ceramic substrate having the multllayered electrical 
35 wiring 324 on the surface and inside. The earner (ceramic substrate) 302 is formed therein with an electrical wiring 324h 
in the perpendicular direction for connecting electrical vwrlngs on the upper and lower surfaces, an electrode of the opti- 
cal device 301 is connected on the lower surface of the ceramic substrate 302. and again taken from the lower surface 
through a wiring 324s on the upper surface of the substrate. 

[0247] The optical device holding surface 321a and the carrier height reference surface 321 b are formed of polylm- 
40 Ide. Such a construction can be achieved, after forming a thick polylmlde film on the ceramic substrate, by removing 

[0248] Using the optical sub-module, it can be mounted on the optical packaged substrate to obtain the hybrid opti- 
cal integrated circuit of the present invention by the same method of other embodiments described above. 
[0249] In the present embodiment, since the ceramic substrate is used as the carrier for the optical sub-module. 
45 good electrical characteristics can be obtained, and multllayered electrical wiring can be easily achieved. Further, since 
the electrical wiring can be provided on the carrier, previous inspection of the optical device is very easy. 



Embodiment 40 

50 [0250] Fig. 78 is a schematic perspective view showing construction of a seventh embodiment of an optical sub- 
module which can be mounted on a fortieth embodiment of the hybrid optical integrated circuit of the present invention. 
The carrier 302 of the present embodiment includes a silicon substrate 302a of protrusion and recess configuration, a 
silica glass layer 302b as a sufficiently thick dielectric layer formed in the recess, the electrical wiring 324 formed on the 
dielectric layer 302b, the optical device holding surface 321 a formed on the silicon protrusion, and the carrier height ref- 

55 erence suriace 321 b as basic components. 

[0251] Use of the highly heat conductive silicon substrate and the cannier of silica glass laminate structure with a 
sufficient thickness provides effects that 1) since the electrical wiring is fomned on the surface of the silica glass layer 
having a small dielectric constant, good high-frequency.characteristlcs are obtained as in Embodiment 33. and 2) since 
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silicon is exposed on the optical device holding surface and the carrier height reference surface, and both surfaces indi- 
vidually contact with the optical device height reference surfiace and the substrate height reference surface, an 
improved heat dissipation can be obtained. 

[0252] As the dielectric layer, other than Silica glass, a polymeric dielectric material such as polyimide can be 
5 applied. When polyimide is used, it is easy to form multilayered high-density electrical wiring, which is suitable for pack- 
aging of large-scale optical integrated chip having multiple electrical wirings such as a matrix optical switch. 

Embodiment 41 

10 [0253] Fig, 79 is a schematic exploded perspective view showing construction of an eighth embodiment of an opti- 
cal sub-module which can be mounted on a forty-first embodiment of the hybrid optical integrated circuit of the present 
invention, and Fig, 80 is a cross sectional view taken along line D-D' of Fig, 79. 

[0254] In ^he present embodiment, as shown in Fig. 79, the carrier 302 comprises the silicon substrate 302a of pro- 
trusion and recess configuration, and a wiring film 302b having electrical wiring. In the protrusion region of the silicon 

15 substrate 302a, a signal wiring 324a is provided on the polyimide film surface, and a mlcrostrip wiring with the ground 
wiring 324b is formed on the backside. The film 302b is provided with a window 352. An inner lead 324c for connecting 
the signal wiring 324b and the optical device active layer side electrode extend inside the window 352. Further, in the 
outer periphery of the film 302b, an outer lead 24d connecting to the signal wiring 324a and an outer lead 324c con- 
necting to the ground wiring 324b are provided. 

20 [0255] The optical sub-module is fabricated using the following procedure. That is, first, the optical device active 
layer side electrode 313a and the inner lead 324c of the wiring film are connected with solder, the protrusion of the sil- 
icon substrate 302a is inserted from the window 352 of the wiring film, and the optical device height reference surface 
314 and the optical device lateral direction reference surfiace 315 of the optical device 301 are individually contacted 
with the optical device holding surface 321a and the optical device mounting direction reference surfece 322a and fixed. 

25 

Embodiment 42 

[0256] Fig. 81 is a schematic perspective view showing construction of a forty-second embodiment of the hybrid 
optical integrated circuit of the present invention. The present embodiment features that the optical sub-module of 

30 Embodiment 41 is included. 

[0257] The optical packaged substrate of the present embodiment Is the same in structure as in Embodiment 34 
shown in Figs. 70 to 72. The carrier height reference surface and the carrier lateral direction reference surface of the 
optical sub-module are individually contacted and fixed with the substrate height reference surface and the substrate 
lateral direction reference surfece of the optical packaged substrate, the outer lead 324b of the optical sub-module and 

35 the substrate electrical wiring 346 on the over-clad of the optical packaged substrate 304 are electrically connected. 
[0258] As described above, in the optical sub-module of the present embodiment, the carrier is constructed by com- 
bining the silicon substrate in protrusion and recess configuration having positioning function with the and the wiring film 
having electrical wiring function. In particular, electrical connection of the wiring film and the optical device electrode is 
achieved using the inner lead. As a result, compared with the structure of Embodiment 34 and Embodiments 36 to 38 

40 in which the optical device electrode Is connected directly to the electrical wiring provided on the carrier surface, a 
stress acting upon thelbptical devica-can be remarkably reduced. This substantially improves reliability of the optica 
device. At the same time, using the inifier lead, the yield of the electrical wiring process of the optical device electrode 
and the optical sub-module electrical wiring can be greatly Improved. Further, since mlcrostrip wiring can be easily 
formed on the wiring film, the wiring density can be enhanced. The electrical wiring can also be formed not only on the 

45 film surface but also inside, multilayered electrical wiring can be easily achieved. In addition, since the outer lead 
extends from the optical sub-module, previous inspection of the optical device before mounting on the optical packaged 
substrate can be carried out very easily. 

[0259] Since, in the hybrid optical integrated circuit of the present embodiment, the process for positioning and fix- 
ing the optical sub-module on the optical packaged substrate and the process for electrically connecting the optical 
so device electrode and the substrate electrical wiring can be separated from each other, the yield of febrication can be 
remarkably improved. 

[0260] As described above, in the optical sub-module of the present embodiment, the optical device is mounted on 
the carrier having the electrical wiring function for taking out the electrode of the optical device active layer side and the 
positioning function of the optical device and the optical packaged substrate so that the active layer side contacts. As a 
55 result, electrical wiring of superior high-frequency characteristics can be formed within the optical sub-module, and the 
high-speed characteristics of the optical device can be greatly improved. Further, previous inspection prior to mounting 
the optical device on the optical packaged substrate can be made very easily Further, the distance from the earner 
positioning reference surface to the optical device active layer can be set to a standardized value regardless of the opti- 
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ca! device size. 

[0261] Further, in the hybrid optical Integrated circuit of the present embodiment, since formation of fine electrical 
wiring pattern Is needless on the bottom surface of the device mounting part where a large step Is formed, it is possible 
to mount not only an optical device of a single end coupling type but also that of both end coupling type despite the 
5 embedded type optical waveguide is used. Further, since the electrical wiring is provided on the carrier and previously 
connected to the optical device before mounting on the substrate, difficulty in simultaneously making core adjustment 
and electrical connection is removed, and the febrication work is greatly facilitated. 

[0262] The present invention has been described in detail with respect to preferred embodiments, and it will now be 
that changes and modifications may be made without departing from the invention in its broader aspects, and it is the 
10 intention, therefore, in the appended claims to cover all such changes and modifications as fell within the true spirit of 
invention. 

[0263] An opto-electronic hybrid integrated circuit of the present invention satisfy a low-loss optical waveguide func- 
tion, an optical bench function and a high-frequency electrical wiring function. The circuit includes a silicon substrate 
(1), *an optical waveguide part (I) an^nged in a recess of the substrate (1). and an optical device mounting part (II) 
15 formed on a protrusion (52) of the substrate (1). An optical device (37) is mounted on an optical sub-module (44). This 
sub-module (44) is placed on the protrusion (52). An electrical wiring part is disposed on another protrusion 35 of the 

substrate (1). , . u u i «^ 

[0264] An opto-electronic hybrid integrated circuit, characterized by comprising an opto-electronic hybnd platform, 
said platform including an optical waveguide including an under-clad, a core, and an over-clad; a silicon terrace, a die- 

20 lectric layer, and a conductor pattern provided inside or on the surface of said dielectric layer; thickness of said dielectric 
layer being set so that height of said conductor pattern is substantially equal to a height of said optical waveguide over- 
clad suri^ace; a can-ler having an optical device holding suri^ace for holding an optical device, a carrier height reference 
surt^ace located at a predetermined distance from said optical device holding surface, and a carrier electrical wiring; and 
an optical device held on said optical device holding surface; wherein a height from said optical functional device active 

25 layer to said carrier height reference surface is set neariy equal to a step between said optical waveguide core and said 
silicon terace upper surface; said cannier electrical wiring and an active layer side electrode of said optical functional 
device are electrically connected forming an optical sub-module; a silicon ten-ace of said opto-electronic hybrid pack- 
aged substrate and said carrier height reference surface of said optical device sub-module contact, and said conductor 
pattern on said dielectric layer of said opto-electronic hybrid packaged substrate and said carrier electrical wiring of said 

30 optical sub-module are electrically connected. 

Claims 

1. An opto-electronic hybrid integrated circuit, characterized by comprising: 



35 



40 



an opto-electronic hybrid platform, said platform including: 
an optical waveguide including an under-clad, a core, and an over-clad; 

a silicon terrace, a dielectric layer, and a conductor pattern provided inside or on the surface of said dielectric 
layer; 

thickness of said dielectric layer being set so that height of said conductor pattern is substantially equal to a 
height of said optical waveguide over-clad surface; 
a carrier having an optical device holding surface for holding an optical device, a carrier height reference sur- 
face located at a predetermined distance from said optical device holding surface, and a carrier electrical wir- 
ing; and an optical device held on said optical device holding surface; wherein 
45 a height from said optical functional device active layer to said carrier height reference surface is set nearly 

equal to a step between said optical waveguide core and said silicon terrace upper surface; 
said earner electrical wiring and an active layer side electrode of said optical functional device are electrically 
connected forming an optical sub-module; 

a silicon terrace of said opto-electronic hybrid packaged substrate and said carrier height reference surface of 
said optical device sub-module contact, and said conductor pattern on said dielectric layer of said opto-elec- 
tronic hybrid packaged substrate and said carrier electrical wiring of said optical sub-module are electrically 
connected. 
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2. An optical sub-module, characterized by comprising: 



55 



an 



optical functional device having an optical device height reference surface at a predetermined distance from 



an active layer; 

an optical device holding surfiace for holding said optical functional device; and 
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